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i ( 

mm 

SL ^ o. Tgo^j^^JfBl ^-ti]5]j7 ^l^ 0 } DNA# <a^S}ZL 

M-Afl^aH ^^a>-§-oil CpG mot if # £fe ^ 10 bp^ iJ^-ifl #E)Ji^f 

€-5il^H}o]^ ^§Kr ^Stt , A}^<$ B -^£ 0 |. IM9 £^ TPAS 

^r<8^ U937 ^m^# S$S-Tr€-iilM*i)» ^^s>7]oil 31^^. a^H^ nfl 

^-^121*} DNA» CpG motif* £fe ^ 10 bp^ <a3£-dfl ^ejji^f^- 
i 39 
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=i^1|SS] ^Ifl-^!: ^S-rf^-sll^l ^ °1* ^>-§-^: ^^^.S^l (Novel 
Endonuc lease of Immune Cell and Immune Adjuvant Using the Same) 

£ l£- DNA-*l£-PAGE<*f| £r^€ IM9 *H3.£\ ^ ^ ^:£tt€-31<>MI 

S^-i: (IM9 M]S. -g-*fl#(A), wfl^qCB) ^ &°1 «fl<9=€ «fl^l (C)^l 

^<2] «as.Tf#aiK*i| ^#£151-2.^ ^ DNase I(5H°J 

1)3). uflof Bfl^l ^S.^f#^|o>^l %^(5H°J 2)<>1 alius] 0 ! &i=KD)). 

5. 2fe DNA-^^-PAGEofl B\n DNase I ^ IM9 ufl<9= *ti*l^ £r It^ 

£ 3^ *>b|-4i DNase I £ ^ ^^#31°}^ 

£ 4fe IM9 ^i* ^B)iin>olAi ^ a] ^ e| i^zl £ it*$ -•as.^^HI 
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'5. 6£r DNA-^^-PAGEoll ^^fl IFN-/ or IL-10 IM9 ^S. «fl 

£ 7£r ^ ^S-ttM^}^ ^ 3*3 pH« ^^4. 

^4 (Afe "aS-Tr^^Hl* 20 mM Tris-HCl, pH 7.0^ Ca 2+ ^/3l 

fe- Mg 2+ ^1 #*fl £fe ^H^Hl 37o11 A-i 10^r^> 100 ng^ DNA^- «>-§-^^I 

^40]^ Bfe 10 mM Mg 2+ ^ ^*fl*Hl 180^ ^_*}& 1^14). 

£ 9^ TPA, LPS ^ CHX U937 ^l5E^ ^ ^-^^ M-^-fl ^o]r}. 

£. 10£ U937 ^li^H TPA--^S. £r ^ ^E-tt^sII^HI^I 

^ ^-ti]^. DNA-€^-PAGE°ll &m ^°)^ (5*1 TPA ^S.<M 24*}?} «fl 
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5L USr *1^°11 £|*fl TPA U937 A}£. -g^* ^ 

£ 12fe LPS ^sl^ U937 4S. -g-*fl# ^ Hfl <#«fl X| ^ £ ^ «a£.Tr#BlK 
<S-PAGE^1 1 ng/ml LPA S*m ^ ^s)^^). 

£ 13 U937 Afl^fil £ ^ «a£Tr€-sll 0 >^ %^^r JSL 

o^^4 (sflo] 48*1 10% FBS* f-^-^t RPMI1640 *11 *1 <>11 *1 U937 *fl 

31<?1 2^ 48*1 ^-S-St TPAC10 ng/ml) *| 3 , 31"?!' 3^ 24*m^<?> LPS(1 

ng/ml) ^21, 5)1 £14^ 12*1 CHX(10 ug/ml) ^sl^ 

£ 14^r ^V^fl ^ofl IM9 >M| 3.3.^3 ^El^ *H*13 ^ 

£ 15^ CHX *|bH ^ IM9 ^lS^l apoptotic ^lS*}^ 

£ 16£r DNA-^^-PAGEofl <q*fl IM9 -§-^# ^ ^ ^ € 
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r ( 

H 18 o. ^ ^ o>^cHl o}^ t^olE DNA^ ^ 

£ 19 °1. DNA, IM9 M}3. DNA ^ <S°1 DNA^l tfl$ ^£^€-^1 

£ 20£r IM9 ^lSAflS ^efl DNA^ ^£ 1:* ^ ^^o]^. 

S. 21^ ^ ^ <a^Tt€-Bll^l ^-§-°fl ^*fl DNA #3.^ -% 

H 22^ IM9 ^^1^°> DNA^I SS^l^l DNA 

5L 23^r U937 *fl3E<*H ^-^1^°> DNAS] JEsL^KMl DNA ^-8: 
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f 



II 



£ 25^ DNA SEfe #3 uLtt^- 31-2. B^oj^ifl^ CpG mot if ofl ^ IgM 

£ 26^r 7]^3>| EC1 PCR A>-g-tb ^ <a£Tr€-^^}^l ^-§-^ xj- 

£ 27£- 7l^3>l EC2 PCR ^#^8: A}-g-^ £r ^ ^S-ttS^I^ ^ 
£ 28£r 7l^S.Ai HC1 PCR a>^-^ ^ ^ <&S.*r^°M ^ 

5L 29^ Zn 2+ ^ EDTA°fl ^ ^£tt#^<=>>^ «t^3 ^*fl» ^^4- 

£ 30£r IM9 AflS. ^ EC1 PCR #-§-3.^ ^ ^ 

5. 31^ Al^tb EC1 pcR A>#3f «V-§-^ ^SL^^Hl^E^ # 
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5. 32fe <a£Tf€-^°>^l %^°] EC2 PCR ^#(157 bp) ^ 

£ 33 IM9 ^li^H £ ^ ^Stt^sII^I^ 3'-<^Tf€-3M*il 

S. 34^ ^ ^ ^£^#511 ^-§- IM9 ^*f| = ^ 

# ^ DNase I ^r#^r ti]iHo}^ ^rf. 

5. 35^ SI ^ffMWl BV-g-ofl o]^V oflS.-^ello}^ ^-§-0.^3 ^ 
£ 36^r S-^i S HR5/5 °]£r S.^S.H^^} IM9 *fli . «fl *1 

£ 37£r RESOURCE PHE ^^"6- 3.S.«>S.zl sfl si| ofl "^Tr^M 
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^. ^ 7]] Q ^ «as.-rf€-Sl|o>^l^ SDS-PAGE ^t^* Ji^^-. 

5. 39^ SDS-PAGE°fl ^iTr-M^-ll^ 4.^ ^ 

€^-71^ ^fl ^ ^71^^(4-15%) ^4(B) ^ 6>7>S^ € #7l<g^-6|M 4^ B 

SDS #eld>a.^oH= ^ ^7l^^ ^ ^2=^ ^<a-^ufl PAGE € 

£ 42^ ^r3€ U937 ^S^iflo} ^-rr-M^'Ml SHgofl u]^]^ ojoi 

^SHr 7l#^o> ^ ZL ^o>5l ^efl 7 ]#] 
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^ ^^l^^f-Ei ^l^o} DNA-i- #^ <?1^^1-J1 

H.S.Afl-S (Processing) *H ^<^«V-§-^ <£b^ Cp G motif* 

-^fl-^r ^TrMloMKendonuclease) s.^ ^ °1 Jl4i# *>-8-*H ^-^*r^ ^ 

^ ^-^§>7fl ^o^l^r #5^Jl^r#e11^Bl-o]c O-sfl ^<*j Ji^H 

# 7}*) 51 tfl*> ^^}^<?1 ^<?}t)l ^S^, 

^livfl^(endocytic)^- ^j^lS^ (phagocytic) , zz.e)JL <g<§^>-§- « 0 Vo ^ ^ ^11 

Ji, ^^^^ ^51, pH, *h^, ^-g-^ ^*fl^h he) 

(endocytosis)^ ^ ^-g-( phagocytosis)^: 1:^ ^5^}^ 

^ ^^aj-g-A^clJi ^S^o] o]x>l:^ ^-£*V^ I^M^r ^-f^-g^l^. 

^°<H3, 71^, ^7l/ti]^>7l ol^-£ 7Hfe ^HHH 

^ ^c*3± ^o} 7 } olcf. olBl^; B < ?]^- z f L , T ^J" 

a>o]S7>o} ^o) 2|-g-6|l (humoral immunity) 

4 (cellular immunity)^ <3J <*| ^ch} . 
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Eflo) ^-^i-i;^ oi-4]§>^ ^ dh^vm^^i «a °a<>m^-. ^fl^fe ^ 

^ °X51, LPS, ^l^-S-Vl, sja^ej-alicnj-ij+dipoarabinomannan), OL2\5L ^ 

B)S.#^ol^(peptidoglycan) ^ ^^H 1 , ^3^- *H3l«: 33 «^ 

SH^lfe *h <£3^ $£T=HMarrack, P., and Rapple, J. W. (1994) Cell 76, 

323-332]. ^^1 ^^r^l ^*fl3°r DNA* *K1£) DNA^- . 

^r^^^ -^S^(SLE)^^ «>^-DNA %^l)7> &<>1 

T^-fe A>^S.^-B^ DNA# "M *}7>-$--g(autoantigen)£) ^r^^l^i ^^^Ml 3 

S^K SLE^ ^3 ^"3 Si ^ ^V^^r S>b]-DNA t^li^ , *}7}^ 

QQd\] 9]$\ ^cHM-fe 3]«fl, s^^M D fl 7fl ^ ^ 

-g-W-^ ^H^lJan, E. M. (1989) A Textbook in Rheumatology, 11th Ed. D. J. 
McCarty, ed. Lea and Febiger, Phi ladelphoa, PA, 1049; Isenberg, D. A. et al 
(1997) The role of antibodies to DNA in systemic lupus erythematosus - A 
review and introduction to an international workshop on DNA antibodies held 
in London, May 1996 Lupus 6, 290-304; Swaak, A. J. G. et al (1979) Arthritis 
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II 

f ' ■ ( 

Rheum. 22, 226-235; ^ Isenberg, D. A. et al (1994) Arthritis Rheum. 37, 
169-180]. ^5^3: ^-^l#^r ssDNA^f dsDNA°fl <&*M 

Isenberg, D. A. et al (1994) Arthritis Rheum. 37, 169-180; Pisetsky, 
D. S. (1992) Rheum. Dis. Clin. North Am. 18, 437-454; ^ Shoenfeld, Y., and 
Isenberg, D. A. (1989) Immunol. Today 10, 123-126] °) 

°^AA e^*]^, sie^l <S^H DNA ^SL& <*%-gr tlr^Rr #^<g- # 

^Sr^^HShlomchik, M - J - et al (1987) Proc - NatL Acad - ScL USA ' 
84, 9150-9154; Shlomchik, M. J. et al (1990) J. Exp. Med. 171, 265-292; ^ 

Tillman, D. M. et al. (1992) /. Exp. Med. 176, 761-779]. ^^>*^r ^13°} 
DNA^l tfl^ ^ ^^§1-71 JflsH ^^oi ul-f^^- ^ 7 >Tg^^^o] oi^ n} 

3.^5. ol-g-^sa^EGilkeson, G. S. et al (1989) Immunol. 
Immunopathol . 51, 1482-1486; Gilkeson, G. S. et al (1993) /. Immunol. 151, 
1353-1364; ^ Gilkeson, G. S. et al (1995) /. Clin. Invest. 95, 1398-1402]. 
DNA^fe-^s) ^Ml^V DNAfe #5^^ B^lil- Ir^SH^i 

[Gilkeson, G. S. et al (1995) J. C//j?. Invest. 95, 1398-1402; ^ Gilkeson, G. 
S. et al (1991) Clin. Immunol. Immunopathol. 59, 288-300]. ^J" 
Efl5]o>^- i-fH§-#£] DNA<^1 ^XflSrfe mot if ^ *V°1 ^ 

if^-^ ^, ial^>7l^ ^ &7] nfl^-olr} [Messina, J. P. et al (1993) Cell. 

Immunol. 147, 148-157; Krieg, A. M. et al (1995) Nature 374, 546-549; ^ 
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Halpern, M. D. et al (1996) Cell. Immunol. 167, 72-78]. 3# n K-^ ^31 3 
o> DNA-S- .^2l 0 >^ dsDNA°H tfl^ -§-*ll^V ^tjs]. ^11 5] 

o}<5] ssDNA^SL ^ Xlfe ^^^^^[Gilkeson, G. S. et al (1991) 

Clin. Immunol. Immunopathol . 59, 288-300]. S.-fr^-i" dsDNA<^l JH^^-g- 

(cross-reactive)^: ^7>%^]fe #5M. *]~f +d\) X\ ^ ^ , ^ 

7l^>7>^^(preauto immune) (NZB X NZW)Fi (NZB/W) ^V-f^ 6 !) ^31 3 °> dsDNA* ^ 
a] 71^ 3.-fHf#^| dsDNA°11 ^^"SV^r iH^-S-Sl-Tr ^ ^SWGi lkeson, 

G. S. et al (1995) /. Clin. Invest. 95, 1398-1402]. ^ ^sMH *r7>*i 

^^«r°l -fr 1 ^ "V-f^ ^l^r DNA# H S-frS-# DNA°11 3H^-S-§> 

o>B|-dsDNA ^« ^ 5U^r 7}*H, NZB/W TiV-f^oflAl ^ 

<%2i£.x}£\ ^h^S «]-BflB]o> DNA^l &m 7}7>ti>-i-^: <££]-dsDNA B 

7^>7l *RJ<a) DNA^ll *>-§-*R=r M-^Jl, ^-Bfl&loV^ dsDNA ^ 

o}xJ)5f >q-7l >q-Al^ dsDNA°l] *h§-*|-^ ^€^^1 ^-7>%^|7> ^7>^7l nfl^o]T^ 

[Whoch, M. K. et al (1997) /. Immunol. 158, 4500-4506]. 

' •^-€ 6 fl *fl*M B >M|3.7> 7>=<-g- ^0> 1^7} >M£|*r ^ 

3£r, 5. (antigen presentation cell: APO^l 2)*}^ ^ 

S.Afl^S|<H 7(1 (major histocompatibility complex: MHC) •Sr*]-^ 

AVol^o]^ B M)ZL% *^Sr^l7l7l nfl^o]5}ji £ <£e\z\ & r}[ Parker , 
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D. C. (1993) Annu. Rev. Immunol. 11, 331-360; ^ Clark, E. A., and Ledbetter, 
J. A. (1994) Nature 367, 425-428]. BE^r ^Ms^^o} 
(mycobacteria)^ ^ ^Bfl°] *r 0 l€^> ^1^, 5]^}^ 

e)5L#2}?KLAMs)£r hCDlb[Beckman, E. M. et al (1994) Nature 372, 
691-694; Bendelac, A. (1995) Science 269, 185-186; Sieling, P. A. et al 
(1995) Science 269, 227-230; ^ Prigozy, T. I. et al (1997) Immunity 6, 187] 
^ hCDlc[Beckman, E. M. et al (1996) /. Immunol. 157, 2795-2803]7> S.Q*t *r 

$£4. CD1 ^ MHC^r^r^ ^ $1*H 3-^^ ^laS 1 ^ 
^^JsL CD1-T *H3L £^8r ^SHWl &&i^r, mCDldl^r CD8 + ^ 

CD4 + T M}^} $n ^^[Castano A. R. et al (1995) Science 269, 223-226; 
^ Cardell, S. et al (1995) /. Exp. Med. 182, 993-1004], hCDlb^ CD4XD8" T M] 
^ofl sjafl o]^^rfji[ Bendelac, A. (1995) Science 269, 185-186] w > Si 

rf. ^ ( °>\d ^€1:^ CD1°1 

:£c£|^ ^oje^ji ^^S>Ji &t}. <?>B)-DNA-^M^j B M)^ *R-°fl DNA7> 
9X^-^ o^&| o^^- ^jzfofl^ . Rrishnan 4" Marion^ DNA# ^Bj- 

o]^^- ">-f^°fl ^ anti-DNA^7> ^)^^- . iL^i^^ 

[Krishnaa, M. R. , and Marion, T. N. (1993) /. Immunol. 150, 4948-4957]. n^-ef 
*| a)£} *>7}ia9^3HM <?>Bl-DNA%^l7> ^*flth=rfe °1 ^-DNA ^J" 

*l| ^^r-i: B *H2.£\ MC-*\)&& T ^S. x}^<$\ ^|^H^*1» SHl*r 

^Jl^r i^M* 7>^iq-. Waisman -§-£r DNA7> ^-©l^Ml T %^s}-^Kr 
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?}£r MHC class II £:*H DNA ^^^[Waisman, A. 

et al (1996) Cell. Immunol. 173, 7-14]. ^, APC^ S.^} MHC class II 

t^j^ DNA7> m^-*}-^ T *\}&7} DNA^l ^-^^ o.^. ^ Si^-fe ^ 

, DNA7> ^>7>^^^^;Ofl w^-g- ^*J^ ;*H 

t]2] #3M*}. ^^fls. ^l^M DNA7> APC<>1H 

*H 3m ^Jife ^ $£*] 

^ ^^l-lr^r ^-Efl5^o>o) DNAS. ^^-i-cfl s^Sfl 7.} 7] 2] DNA^t- 
^^^ilit Ir^SM 71^1 7H^rfji ^tf. ^^#ofl ^ ul*>7lS Sl^sq. 
0^3=, ^a|<5> DNA7> 7}*}±r ^3^*1 ^ CpG xi|^f#5fl^ol = 7> ^ 

^ «1E.7> -SM^. ^1^°}- DNA^I- ^ DNA^>°l°fl #7fl*|-fe ^ 

& ^M^* ^*fl^, CpG ^ #5ll£BM = o} ^ «l£7> 

^-Efle|o> DNA 6 !] *\ 167l|^ ^^#511^0] ^Tfl M-BfH-fe^l 

#<*Mfe «T-Bfle)o>sq. jn.«fl 1/4 ^E.^ ^^^fe ^°l x; f. ^, 34^-1-^ 
DNA^lfe'CpG ^^7> #7fl^-g- 3*1 «Hr 3Mi=HBird, A. P. (1995) Trends Genet. . 
11, 94-100]. ^31 3©} DNAoll ^flsKr CpG t^-Mi^H = 2=. ^l^^j-^l 

S}£.7> 3J°1^. ^ 80%7> o^Sf-SH olfe a>^<>ll p]^-§-<2] 

/.>ol£^l(cytosine)<flfe *\M^7\ 7]2\ Q^*} ^TfltfflRazin, A., 



r " ' ( 

and Friedman, J. (1981) Prog. Nucleic Acid Res. Mol . Biol. 25, 33-52]. M)^ 
3., ^-Bllalo>^ CpG ^^f#^iLB|-ol^611 ^ 7 fl^ 5'-rf€4 ^MN 3 ' -s| 3*1 ^ °1 
cgx, ^-d\] uJ-bJ-^ «]£7> DNA^H ^^t- ^^-fe 3Mr]-[Razin, A., and" 

Friedman, J. (1981) Prog. Nucleic Acid Res. Mol. Biol. 25, 33-52]. ^b)^- w> 
31 3 0} DNA-2] ^-°13r CpG mot if 5]- ^M-^ °1 t l 2:7> ^^^j-g-^r 

#*l&i=k ^, CpG c]^t# 511^-^0]= o^ofl ^7H^ 5'-^^4 n^flsq 
3 1 -3X) p] ri o] &7Qi*t nfl7> CpGs) 4€- ^l*^ nfl(«l*|-=- CpGs) 

DNA2] ^-^°] ^7]A^ofl ^A-lli^ ^ 71^ 

-g-^rS^. YamamototYamamoto, S. et al (1992) Immunol. 148, 4072-4076] A 
^n^HCowdery, J- S. et al (1996) /. Immunol. 156, 4570-4575; % Ball as, 
Z. K. et al (1996) /. Immunol. 157, 1840-1845 ]*<*| ^§>^ ^2l°r DNA^fl ^*fl 
NK ^]5LS] ^7>A]7l5l °lE]*im-7 (IFN-r)^^r* -frS^-i: ^m^l , 

JL^I-^ ^ v ^lB]o> DNA7> 7}*}^ CpG motifs] ^^(palindromic) 
4 9X^ .SLZL^S^tKuramoto, E. et al (1992) Jpi7. /. Cancer 

Res. 83, 1128-1131; ^ Kimura, Y. et al (1994) J. Biochem. 116, 991-994]. S£ 
3r ^-S- ^^^Ir^r ^-^lls]c> DNA7> DNA-^ r^^lr^ ^^j-Jl B #^2f 
1- -frS-^jl ^^^[Gilkeson, G. S. et al (1995) J. Clin. Invest. 95, 
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1398-1402; Yamamoto, S. et al (1992) /. Immunol. 148, 4072-4076; Gilkeson, G. 
S. et al (1989) J. Immunol. 142, 1482-1486; Messina, J. P. et al (1991) /. 
Immunol. 147, 1759-1764; Field, A. K. et al (1967) Proc. Natl. Acad. Sci . USA 
58, 1004-1010; ^ Oehler, J. R. , and Herverman, R. B. (1978) Int. J. Cancer 
21, 221-220]. ^, ^Bfl^^o) 67fl <g 7l ^ rp.^ CpG raoti fofl <q§}c*| B ^ 

2\ ^r^-cr ^^S^^V?! A}oj^l-<y!:-g: ^A>^rf^ ^o]rf[v a n Damme, J. et al 
(1989) Eur. J. Immunol. 19, 163-168; ^ Paul, W. E. et al (1993) Adv. 
Immunol. 53, 1-29]. 5E*b CpG motiffe ^ofl 3H*rfe IL-12^ ^ 

cdofl ^cr)g^ IL-6£] ^r«HlS ^^rt^-ji l^^tH Hal pern, M. D. et al (1996) 
Cell. Immunol. 167, 72-78; Yi , A.-K. et al (1996) /. Immunol. 157, 5394-5402; 
^ Klinman, D. M. et al (1996) Proc. Natl. Acad. Sci. USA 93, 2879-2883]. ©1 
Afoi^^o]^^^ T ^S.^ B >*fl3.» St^SM 71^31 7]^§>^ il-6[ 
Uyttenhove, C. et al (1988) /. Exp. Med. 167, 1417-1427; Muraguchi , A. et al 
(1988) J. Exp. Med. 167, 332-344; Le, J. M. , and Vilcek, J. (1989) Lab, 
Invest. 61, 588-602; ^ Hirano, T. et al (1990) Immunol. Today 11, 443-449] Q 

^l^^fe IFN-r [Murray, H. W. (1990) Diagn. Microbial. Infect. Dis. 13, 
411-421], ns]Jl IFN-7^ S^^-i NK *1|3E£) i^sHl IL-127> 

&t}[Trinchieri , G. (1994) Blood 84, 4008-4027; Zhan, Y., and Cheers, C. 
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(1995) Infect. Immun. 63, 1387-1390; ^ Bohn, E. et al (1994) Infect. Iimnun. 
62, 3027-3032]. IL-12^- I FN- y A\% ^M^Sl ^7"M ^ [Klinman, D. 

M. et al (1996) Proc. Natl. Acad. Sci . USA 93, 2879-2883; Zhan, Y., and 
Cheers, C. (1995) Infect. Immun. 63, 1387-1390; Bonn, E. et al (1994) Infect. 
Immun. 62, 3027-3032; ^ Heinzel, F. P. et al (1991) Proc. Natl. Acad. Sci. 
USA 88, 7011-7015] ^%%^ ^]7] a] 7] ^] °^-g- ^^-t}. IL-6 

^12^ A}o] j£7}o]^^. t AflSiq- B Afli^ ^rS)-#[ Uyttenhove, C. et al 

(1988) J. Exp. Med. 167, 1417-1427; Muraguchi , A. et al (1988) /. Exp. Med. 
167, 332-344; Le, J. M. , and Vilcek, J. (1989) Lab, Invest. 61, 588-602; ^ 
Hirano, T. et al (1990) Immunol. Today 11, 443-449] ^^M: 
W-[ Hirano, T. et al (1986) Nature 324, 73-76]. IL-6 4*1*1 

^1 3fe #<3°1 -a>l| ^ ^:#§r^^[Yi, A.-K. et al (1996) /. 

Immunol. 157, 5394-5402; ^ Libert, C. et al (1994) Eur. J. .Immunol. 24, 
2237-2242]. u^-eM ^31 DNAfe AflS^ ^4 ^ ^^"Hb *HS. 

7>°1<2] ^AV-g: -fK£*Rr 33-2.5. °]Sfl^. SE^ ^fleM DNA°11 sl^l B 
^Ajjq. %^^a>o1 -fi-i^o] 2}^ =■<>) ^]^^o.^. ^JL^JL &t}[Krieg, A. M. et 
al (1995) Nature 374, 546-549; Liang, H. et al (1996) J. Clin. Invest. 98, 
1119-1129; % Yi, A.-K. et al (1996) /. Immunol. 156, 558-564]. Krieg ^ 
^[Krieg, A. M. et al (1995) Nature 374 , 546-549]ofl ODN^l #*t|*Rr CpG 

mot if 7} B ^illt Sr^SW^ -f^°l ^^M-^I IgM £r«l7> ^5L£]^ ^ _£l 
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£^-8: #3UiL, B SHg^-nfl M-Bfq-^ cflS^'?! class II MHC-gr*V^ 

^ol ^7}£)Jl >*fl3£^M 7> G 0 °1H Gi^-S. Al^-£)oj-g-^ j^^t}. Sato 

[Sato, Y. et al (1996) Science 273, 352-354 H 3)*)-^ fg-.gr CpG motif* 7}^ 

DNA ^KISS)^ ^s^r #2^*1= DNA* ^^li^l ^ 
-§- nfl i fn- a t IFN-/S , nslJi IL-12S] ^7}i£^- 1- ^ &$th °1 c^o] ^ 

4^3. I SSI- #5}-^t=^- ^ ^(stem)^ilr^ «#<^1?1 

^ ^<%°\ tfl^>»fl3£^ T «r^sM?] ^^ofl^ #^<q ^)til|^7> ^ ^ 

o]-%-^7] ISS7> &£.-!=- JL°V$\o]^ %°]t\-. tiV^l -fi- 

aflA]^- o^^A^ DNA^l ISS7> o^4§- nj-c^- ^ o] 

^SfliiK DNA7> Afli^- %^a\7}7] >H|5.vfls. -fr^ 0 ! 0 ) ^rf. 

AllBl^ -8-7H 0DN£- B M}S.Wt %^2M?1*I $*>Jl[Krieg, A. M. et al 

(1995) Mature 374, 546-549], #5] JItt €-511^^0] Bls^Oipofection)*!^ 

[Yamamoto, T. et al , (1994) Microbiol. Immunol. 38, 831-836]. =l£]3L CpG 

motif* 7}%7]^ 7}*] *] *2]Jlit#5)l.£BH= 3-^7} Afl5. £^-*H=- 

tflfe €- *M7} Sst^-o] ^^[Krieg, A. M. et al (1995) Nature 374, 546-549; 
^ Yamamoto, T. et al , (1994) Microbiol. Immunol. 38, 831-836]. ^>fl5<*ll 
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-B-^€ DNA-h- endosomal compartment <?>°1H ^-£13 Bennett , 

R. M. et al (1985) J. Clin. Invest. 76, 2182-2190], flfl^Hl^H ^3|3}o> DNA 
^a>o]^> ^<?]^-kB7} TNF- a , IL1/3 ^e^n]^ %^s±z\) 

ej*lN-2 mRNA^ ^ =r^^-[Stacey, K. J. et al (1996) /. 

Immunol. 157, 2116-2122]. Afl3£J£^£| ^r-g-*fl» nflyfl^ & ^^ji^^^o)^ 
2\ *\]^ -fr^^r ^^^(endocytosisHl <£<>]\k ^S\$XSL^ 

[Bennett, R. M. et al (1985) J. Clin. Invest. 76, 2182-2190], 

€-3l3-BM=-I- °l-8-*H 'St^'M &°-^[Loke, S. L. et al (1989) Proc. Natl. 
Acad. Sci. USA 86, 3474-3478; Yakubov, L. A. et al (1989) Proc. Natl. Acad. 
Sci. USA 86, 6454-6458; ^ Zhao, Q. et al (1996) Blood 88, 1788-1795] ^ fl- 

X|^7}x] DNA7]- ^*fl7HH ^A*b ^-8: ^ ^-5.^- °l*fl£]^- 

oi ^ ^i-Efl 5] o> DNA7> ^Vh] -DNA ^ ^^"M *}7}^<* ^:&<?1 SLE 

7} ^r^^°l <£3^t}. £«t ^lB]*} DNA^ CpG mot if 7} ^^liqH 

zl&)^ oi^Tfl ^_S_*!- *S ^-^2]°} DNA7> SLE<HH ^ *H?W^°1] 

^-^lll- ^^VM] ^5}d| , CpG motif* 7Hfe Jl^r#5ll^B]-ol^ 

7} ^lMHH °i ^7]1 ^^Slfe^Hl tflt ^ l^Hr *±ul^ 
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(rayelogeneous) U937 ^l^MH , ^°}& ^ifWr^} 



DNA^l =S.>fl ^M] .fi-^^fe , CpG 

motif!- £k= i^J^r-M^B)- 0 !^ ^ofl ^^ol jLdt<g* / 



o| ^-^s. o]X]§>ji ^S^SH w>-^oi] :&a|§}^ CpG motif* ^ ^ 10 bp 
<a^€-5ll^>^^ SDS-PAGE^Il ^)^r ^r*HJ= 72.4 kDS 



r}s. :&*HlAi, B-^S^V IM9 Hfe TPA^ 

#^^ U937 ^"71^ ^i^f#5ll^l# a^lS: tifl^oflAi til] 
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DNA1- CpG motif* £fe ^ 10 bp^ °^^\ 3. €-sll^-BM t= 

<±UH 1 

DNase 1^1 Jl^#^^t ^4 ^ofloi] ^£]c>) 010^ o]d\] u\. 

£)- 7]^[Nadano D. et al (1993) Clin. Chew. 39, 448-452; ^ Yasuda T. et 

al (1993) Clin. Chim. Acta. 218, 5-16] ^ofl ^Ej^^i 7^0] ^§ 

3He]-ZL ^sqo^t}. DNase I^r apoptosis s^f^l ^rf-M-^lb 
(internucleosomal) DNA-ft ^^1-^ ££-3, <£3] ^ItPeitsch M. C. et al (1993) 
EMBO J. 12, 371-377] M o] l^jcfls. n ^Sf*>^ ^ 

°1 mis) [Love J. D., and Hewitt R. R. (1979) J. Biol. Chem. 254, 
12588-12594; ^ Kishi K. et al (1990) Am. J. Hum. Genet. 47, 121-126]. 
DNase l£r ^cMH ^l^tfji t^^^lLove J. D., and Hewitt R. R. (1979) 
/. £/o7. Chem. 254, 12588-12594; ^ Ito K. et al (1984) /. Biochem. 95, 
1399-1406], S^HH 0} 7^]^£) ZL^r}. Messina ^ 
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[Messina, J. P. et al (1991) /. Immunol. 147, 1759-1764]^1 ^§>^ DNase l£r 
^Efl^o}^) DNA# -g^SH B tfl^AflS.^ ^sM^Itt CpG mot if 1- 

DNase I# ^Hl^o} DNA^ ^ 

^H 1 "^ CpG mot if » 7}^ ODNlr-g: ^l^^l W ^l^Hr ^5$ 

4. nJ-^M ^^Hfe- DNA-& CpG motifl- ^ 

1-1 ^lSttfi'ft ^ #*)gl 

no} (IM9 ^ RPMI1788) >flS.^, T-^=o} (Molt-4 ^ Jurkat) 
>1|S."r, ^Z-Sl^l (U937) ^]S^r^ American Type Culture Collection 

([ATCC] Rockville, MD)<HH ^S}^. HS.^ -f 3K^3KFBS, Gibco 

BRL) 10%* ^-8-*>fe RPMI1640 lml # 4-5 x 10 5 7fl^ -fr^l^^ 

nfl^S!^. 'MlJE.ufl^ 37°C 5% C0 2 » ^-fr^r °1 3 (Forma) <HH 

^q-. *fla*r^r ^l^tifloj:- t^^ll- o]-§-§fo| 1-^ «fl^Q (trypan 

blue exclusion) ^ ^.S. ^7]£{SL3, S}^. *fl3L^| ^"i: 
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IM9 ^S^ofl d|BlicT>>ol4! D (ACD, Sigma)* 0.33 ug/mlS. *H&i=f 
[Cooper H. L. , and Braverman R. (1977) Nature 269, 527-529]. IM9 *fl3.^r-g- ACD 
S. 30^^ yfl^tb ^ ^1^*1-31 10% FBS-ir ^^-tb RPMI1640 «fl*l°lH 48^1 

^£^f€-5llo}^ Jl±:^o1 ^uj-^^ll- ^ §}7] JflSj-o} DNA-€^-PAGE 
^f#Bfl^l 3^ ^*a«Bai=h €W ^5. tiflofofl ^oflAi <as^f# 

eflo}^ ^ o. m9 ^^MH^ Sl&^K^ 5B, 2). 

5] T-^*°> Molt-4 ^S.^ *W) ^13. -g-«fl#°11^i^ ^ 'SlSE.Tf #iSl|°> 

*fl ^flD-i-CE. 5A, 4) s^-t ^ ^SBfl^^ofl^fe- 

l-^^"^ 4)3.^31 U937 AflS-^r, B-^=a} A-fl^^o] RPMI1788 
n^ji T-^=*> Jurkat *fl3E^MHfe °1 ^£if 3^%^ 

4B)^ ACD^^sl -f 2:7H1 ^^§>7fl #^#^^-^r ^ ^52^. ^ 

IM9 ^51^1-31 ©Ml 3 ^l7> ^l^M 
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^•i- ^rfe*l» oi^jjfl^-y (IFN- y , 10 units/ml, Genetech Inc) 

Q 9m^^l-10 (IL-lyS, 10' units/ml, Genetech Inc.)* ^\^}^. Sl^-r-^l-i- 
i^S}^ afl^lofl>| 24*1 # ^-91 DNA-^<3 -PAGES. 

^}6\) o}^ ^S)^. 

rf^^l^l- «-^-A]7l^ #^<?] 12-0- Efl ^ ej. d] ^l-i- ^ £ s ^. 13- o>^] Efl O] E 

(TPA, Sigma)* U937 M}^} *S.<*IM *l*Hfl 4^ ^^l- 1 ^ ^£Trt 

^ ^ -&«1* ^#§>^rf . a>o] ^.^sn Alu]:=(CHX, 10 mg/ml, Sigma)^- 
e|a#2l^>e1-ol = (LPS, 1 ng/ml, Sigma)* U937 ^S.^ TPA* 

§1-7] ^li* e-^-^ (PBS, 137 mM NaCl , 2.7 mM KC1 , 10 

mM Na 2 HP0 4) 1.8 mM KH 2 P0 4 , pH 7.4)3. ^ ^^h°l^ 

(cytocentrifuge slides)* 1t«]*|-jL Wr ight-Giemsa (Sigma)S. <8<a|*H *Hl*|-$a 
^4.^, U9374 ^-?flnlo> ^JE^fe TPA 

ofl 5L<&6\ s§4$& i+^-iflT^ ^^-o] ^^Tfl J^fe ^<^1 LPS 

ZL^^ £ 9<HlAi^- ^-o] uj-Ej-x+c}-. ^, U937 Afl5£^7> TPA^l ^rS}- 
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S. ^4°1 t °A^S\. ^^l apoptosis* 4^£4fe 44 

4 CHX1- 42}4£-8r ufife ^13.7} ^^ 7 >^ 141- ^ ^ 5^534. °14 ^ 4 it 
«fl<£ <a5L-rf# 314*11 7} ^14^4-1- «44 <^ 

*S4$4. S. 1044^ TPA ^£ ^7>4 44 <a£^#5ll4*TI4 ^l^ifl ^^o] 
^7}^gr(5. 10A) 1- ^ ^44 4^ 4^0.5. 

*r &&4(5i 10B). ^Stt^-sII^HI 10 pg/ml 4 TPA ^EoflA^ 

3 3.711 ^7>^^r 1- ^ 10A) 10 ng/ml4 TPA» U937 ^i«l|^J|<fl 4 3 

4±L ^4 4# ?V^o.S <a^Tf€-5fl^] ^4$* ^ £ 114 ^ 1 

47> 4b}#4. ^ttM^HI J:^ %4 £ TPA 43 ^6 4*H L 3 
ti]E]7l ^144°} 2444 ^4 ^-4 ^ ^.47} 7>4 444"-^ 1- ^ ojrf. Afl 

3.^. ^447^ LPS* 1 ng/ml4 ^51^ 43tb * ^^tb 44 44i^- ^Stt 
#Sflo>^|^ €^^r ^4^* £ 124 ^14* 4% v % v ^ &S4. 

LPS*13 1244 ^Pf4 Afl 5. -g-*fl#6fl Jl4i%4 0 1 44471 444°3 244 # ^Ml 

^ Jl4i 44^ *r 444 Afla 4 4 ofl ol] a] i=. o!4 ^-o. 

4°1 244 4 4*44 &S&4. Apoptosis* #^4 CHX# U937 

4i^r°11 *13^-8: ofl ^15E7> ^^7>fe 44^1: ^44-^ 4#1: 9X9X3. ^14 
<a^#5H4^1 ^ 44 ^1 ^ 4*1 ^4^- 4*14 1: ^ &&4(5- 13, 314 

4). U937 ^1^M14 TPA, LPS, =lv)5L CHX* ^Sl4^^r °fl4 lif^f 2. 134 

-9-44£^. 
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1-2 M}5. -g-^fl-i-^ ^ DNA-^-PAGEofl*! <a^f#^oMl #>3 

^l^tifl^o^o. 1 500 rpm 6\}*\ Q^^S}^ ojj ^ -ja^rf. 

^>7>^ PBS^ ^ ^ 150 mM NaCl, 10 mM Tris-HCl (pH 7.5), 1 niM EDTA 

£}- 1 raM PMSF1- ^-B-§>^ 0.5% Nonidet P-40 (NP-40) ^-g-^C-g-sfl ^-g-^n )o]j 
1 x 10 7 7fl 43£/ml £)7)1 ^H^HM^. 4°C 15^- # Afls.^- -g-^A^ ^ 

4°C <HH 15^- 12,000 rpmi^- €43-§-2|*H ^#^^r -g-*fl#S. A>-g-*J-sa 

o}3.^o}nl^ ^ 3 3 *l^-§r A}-g-i5:]-^t}. Hoefer Tall Mighty Small (0.75 mm x 
8 cm x 11 cm) ^7"|<§-^ ol-g-SM, SDS7> ^ 7% f5]ofalo}^E 

^ 2:4*1*8 (super coiled) DNA(pGEM-T ^B], 3.0 kb, Promega)^- ^ 

f^51 150 ug/ml ^^M^t}. ^linfl^ojj cr^ ^3. -g-tfl#^ a] 

« z]- ^ 10 ug ^ jpiofl 4°C°1)*\ %7] ^r^^-Sa^. ^71^^ ^ 

^fr^pS. >fl «i ^1 *3 ji 20 mM Tris-HCl (pH 7.0), 1 mM CaCl 2 =l£[3L 10 mM 
MgCl 2 (TCM buffer) 3. «>-g- ^f-g-Qijo^ 37°C*1H 4 *m ^ 

^ ^-§-^4. DNA-^^-PAGE -SMH <a5L^f#5llo>^^ ^o]^^- fl-^§>7] 

^-§-^1^ ^sn^-a- is] ii &&*\-#t\.. ^-g-^m ^ 37°c£] 

1 ug/ml 2] ofl^-f- jtL^H jel-I- ^-fKrfe TCM ^-g-^oiM 30^ -g-<& ^^}JL 
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302 nm ^^-f-n] ^ o] bJ (transi 1 luminator)^. ^9X^. Tf#Bll 0 >^l 

5lTf#sll^>^l 4H3^ 4i DNase I (RNase-°fe 10-50 x 10 3 

units/ml, Boehringer Mannheim)-!- <*r-8- 0 ~r < S r T. 

igr^oflAi DNA-^^-PAGE ^#511^1 ^ ^li*fl 

tsL^jI 1) . 10 U g^ *^*>J1 ?Xk= M]S.^°^^ 4 *\}£. -g-*fl# 

IM9 ^li^^l «fl ^t^l ^S-rrl-^^lfil ^"t^ ^ 

^ 7^ OJ^^ 01^(5: 1A)> ^^ojjo^^ ^ ^ 2:^ 

^ IM9 >fl3*M- *>3ll PBSS. Afl^t!- ^ m^-gl^ *U*]sL ^ afl<£M^r 

14 DNase I JL^€^ ^ ^fl^M 4^4(2- 1C). ^ 

tifl^] FBS°1H -fri^ °>^^ JflSofl^ yfl*]^ 

3* ° s v ^ S. 1B^ ^l^n^f 1 ^7l^|^ ^-6)1 *1 m >^-7ll o]^^ ^ - # 

^]o]-»l 3H£n]^ DNase 1^^: Boehringer Mannheim°lH >M DNase I ^ «1 
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52 §M £j-o]% ^ 919X^(5- ID). 

S. 2^1^i^ DNA-^-PAGE^H A] 3. ^ S£<^H 1 4^1 

# ^4 0 14. 10 mM Mg 2+ ^r S^§r^ 20 mM Tris-HCl (pH 

7.0) &^-g- 0 JHH ^-S-^l^^: *fl, 51 2A*lH ^r^r IM9 

-§-*l#-£ 4*1 # -^<£ «>-§-*l?l 2B) DNase I ^ ^ FBS 

°11 #*1|SKr DNase I£ -g-^ ^*HH Jl^«-^^t ^^o] . 
^ IM9 ^l^^oll^ ^s)ZL ^l^fe ^Stt^^HI^ ^^-PAGE^J- 

*\}*\ DNase I^f ^3. ^l^BlS- 3i<*| ^9iJL, ^r<^ ^S^ofl a-^ Jr^o} 

1-3 DNase M ^ i$r^<W& % 

^71 Spr ague-Daw ley (SD, 150-200 g) 3^1 JISH*! 

M.°ASr *fl#)S}£T}. ^ ^ DNase I (Sigma)* 7% €<S-PAGE ^HH DNase 
Sfl^aHr 31*1^ PBS°1M ^^S, ^ef ^^^^ ol-g- 

SD ¥N 100 ug^- [Harlow, E. , and Lane, D. (1988) 

Antibodies, A laboratory manual, Cold Spring Harbor, New York]°ll ^e}- ^^s- - )- 
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DNase I# ^-B-§>^L m^°1H ?l^-DNase I ImmunoPure p7us 

protein A/G IgG ^afl (Pierce) DNase I<>] Sepharose-CL 4B* 

°l-8-*H ^^l«1-Sa^-. ^^l^r ^ -DNase I ^ 4 ^Ell?l A-Sepharose CL 4B# 

50 ml AflaBfloj:^ pbs^I I0«fl s^tr ^r^ ^ 50 ml« ^ 

^^ 7 o^im^. ^^^ 7 o v ^r 4°C*\]x) 6*1 -^S^ ^r^^r}-. ^ 

DNA-^l^-PAGE -iHH ^Tr-M^l ^ 

£. 3Afe -sj-^7> FBS°iH -H-Efl^ DNase I-g: JsLa^JL, "sE*b 

^ ^fl«Hr DNase 14 jS^-g^-i: y}^-^ # ^ £152^. 

l^^r FBS4 a>^- DNase I^r ^ °14 DNase I 

"Ml- °l-§-«H ^^fe <?3lS^t#^o}^sq- DNase I AA<$ ^ ^^-§-^* ^ 
IM9 AflS.^ tiflofofl^- o>e^ -DNase I ^"^HH^ ™\ 

^1 DNase I Jl^«t^°1 M^M^l QSk^, ^r«l€ <35^#sll°Hl^ 

«^^r ^«^7 0 l-£l^ oi-Ji ZLtflS. 5^^-8;(5L 3B) ^ SiS^. o] ^ 

^4^-*fBl IM9 ^S/^MH ^rtil€ ^i^rf^^Hl^ DNase 1 4 ^<*^ 

1-4 ^^#^1^1 »^ ^ 3*11 ^ ^ ^xg 
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r ( 

= n]-ol 3 .^.^ti.(eppendorf microtubesH ^ 20 mM Tris-HCl (pH 7.0) 4ir 

4°C<M 14,000 rpm^-^ 10 ^^tl ^ ^# ^ * 20 ul ^ .gigofl 

°l-g-§l-S4. -8-#^ 20 ng^ 3*r$ a} 5) <£o|^ ^-fKVfe 

20 mM Tris-HCl £HN^(pH 7.0)<^]^i ^4^1 DNA4 37°C<*(M 10-& 

^>-5-^1^4. Jl4i#^1 tfl^ P H^ I4t 4*fl*lfe 4^- pH^ 1 mM 

CaCh 4 10 mM MgCl 2 # ^-fr*)-^ 20 mM MOPS 4^-g-^°M ^^^-^4. 

*\ 180^: 10 mM MgCl 2 -I- *>-fr*}^ Sife 20 mM Tris-HCl £H^-§-^(pH 7.0)^1^ 

°d^^t #^J^ ^r^S}^4. DNA 4^-8-^(30% fs^t, 0.5% 

J±S.3.s!|)^ zl^jl 0.5% A>ol^)^- ^--f}-^ TE (10 mM Tris-HCl, pH 

7.6, 1 mM EDTA) 4^-§-^^r ^7>*t ^-g-i: ^-5-^ 

li7} £fe pH^b 7.0.2.3. £|&o_u|- ^ 

plHM ^nfl^ol 144^ ^ flS^CE. 7). 20 mM Tris-HCl (pH 
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7.0) ^§-g-<^HH ^£Tf€-5)l^M]^ jLdb %^£r Mg 2+ Ca 2+ ofl ^ *fl^ 

^- 8A). 1-10 mM^^H C a 2+ ^^HH^ JLdi 

b\ ^ DNA7> ^ ^ *8*83H ^STf^ell^Hl^ ^>-§-^m 

ofl 4^- Mg 2+ -^^^<y ^ DNA ^^i: ^M-^d l-^njH. DNA7> ^ 

DNA^ 10^: «>-§-^m^: nfl M-BK+71 ^1 60^*1 

^7}f>}<%S>-^ o]^ £6- ^ ^d\}^\ ^r#sllo>^ g-qo. i 8 o^ oj^l- 

(£. 8B). °1 Jl^^r ^M~id DNA* ^ DNAS. ^^1^1 Jf. ^ 

<#A^ ^^^31 ^l^^o.S. ^^afl^O-S. ^al^g-a- ^Siq-. £«V o] efts. 

Tr#e^}^]^ FBS^ a}bJ- ^ofl ^Xfl§Kr DNase 14 ^=-4^ 

4. apoptosis DNA ^--g-S}^ iLJI^o 1 ! ^I^tt 

ZLe|Jl %^6)) Jl^£)fe pH ^ ^IrV^ ^-^ on ^^fe 

o^IL 9X^. £^ U937 ^lit^7> ^-sfs}^ ^l£^f#e11of^7> 

^ a>^^b| ^ oil ^ ^!£Tr€-el]^l7> <q^-£] DNA» ^^^r 3.7] 
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( ' " ( 

<a5^rf#3M*H7} DNA^l tfltb w <H*fl?lH 

^ 7>X]J1 ^ Slt^^ 7}^ nfl^ %o]r±. o] ^ *V ' 

^£^f#5llo>^o] Stacey £o) x^^^^y} 

DNA# ^>}s-ol l^f ^1^7} Ir^s^t}^ ^jz)-[Stacey, K. J. et al 

(1996) /. Immunol. 157, 2116-2122]^ Higashi ^ ^[Higashi, N. 

et al (1993) Cell. Immunol. 150, 333-342]^ rj^^i/cfl^^iofl o}^ nflyflsq 

2 

Tr#3fl^.#?i DNA ^-8- ^-£o>fe Mg 2+ -S]€^ •a^TT^sll^l^l ^ ^-<?1 

apoptosis^ ^ -§-^, membrane blebbing, nBlJI ^Stt-I-sII^HI^I ^ 
-g-ofl <*|&| - M j_2_^ a7l ^_ <*Xfl;*cq ^^ol ^o]^ ^l^l- 1 ^ 

^^^l .^ns. ^2\&t\[ Wyllie, A. H. et al (1984) J. Pathol. 142, 67-77; 
Wyllie, A. H. (1980) Nature 284, 555-556; ^ Kerr, J. F. R. et al (1972) Br. 
J. Cancer. 26, 239-257]. <3£tt-#5^M]^ «r^sRr apoptosis ^jS_tb 
^8: *r*l*M[Arends, M. J., and Wyllie, A. H. (1990) Am. J. Pathol. 136, 
593-608], ^^Vl-ofl ^sfl 03 sj ^o\) ^s}^ j^s- 

°1 ^"M^ 1 }. DNA-2] -Tf^-sfl-2.^?> ^^cN ^r^^rfe Jl^^^ DNase I[Peitsch M. 
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C. et al (1993) EMBO J. 12, 371-377], DNase II[Torriglia A. et al (1995) J. 
Biol. Chem. 270, 28579-28585; ^ Barry M. A., and Eastman A. (1993) Arch. 
Biochem. Biophys. 300, 440-450], ZLZ\3L NUC-18[Kawabata, H. et al (1997) 
Biochem. Biophys. Res. Coimnun. 233, 133-138H *!r-%-lk % 0 }£\-JL 2. 
^r, £nM--i-£r Ca 2 7Mg 2+ -£]€H§[Stratling W. H. et al (1984) /. Biol. 

Chem. 259, 5893-5898; Pandey S. et al (1997) Biochemistry 36, 711-720; ^ 
Ribeiro J. M., and Carson D. A. (1993) Biochemistry 32, 9129-9136] SE^- Mg 2+ - 
5]^^[Anzai N. et al (1995) Blood 86, 917-923; Kawabata H. et al (1993) 
Biochem. Biophys. Res. Commun. 191, 247-254; Sun X. M. , and Cohen G. M. 
(1994) J. Biol. Chem.. 269, 14857-14860; ^ Kawabata, H. et al (1997) Biochem. 
Biophys. Res. Commun. 233, 133-138] ^i^rf #3l°Ml7}- °^e] iHr^ ^5. 
1:^1]^ ^€-5)1^2- DNA# €^ 21 ^ *flS>*r5a^. ^4, <^ej ^.cq ^ 

apoptosis^l ^--g-Srfe <as.TT€-sllc>HH- s^7> ^Mga^fe ^^-^r tfl?} 

^§Kr £^-7} ^ltfl^V tfl-^-o] S)J7 oirf. 

^^Al^io^A]^ DNA-^<£-PAGE# <>l-8-«H B- IM9 ^li^7> 



33 



r : r 

7} fl-^^ ^ ^^#^]o>^i-jzf ^-PAGE^i^ oi^e), Jl 

^vfl^ P H, S^^^r -9^ Jl^fe 27} o]^o) ^5. tfs 

4^ ^ ^ ^£4. 

i^il^ apoptosis 4 3^ °1 Jl^7} «H ^3^* SUS 1 }. °l&l^r 31 

oil o]e £ ^- £]o^ oj- &<?flrHr 6] til 6\] X\ ^o}^ ^ ^ o}^_ % 

IM9 CHX» ^Hl*|-^^- Bfl apoptosis^l ^£.5. 

<£b}£ DNA^ ^-alJl^Bll^ ^<8^^r o} 7 }^_^ ^ ^-o]^ ^ 

&$4- IM9 ^rSRV ^ Mg 2+ ^*}|SHH ^-§-^m-i: nfls. 3*83*1 

DNA ^iSr-g- 1- ^ ^>7>^flofl Sl^b DNA-^^r ^SHMl Mg 2+ -^l^o]ji 

Ca 2+ -*1 s^o 1 <3 * 3^1 § ^ 2^ «W ^^tt^-bii^hi 

-g- DNA-^l^-PAGE 33 ^ Si^^-. ol J^o] ^ 

pH 3*1 6.5-7.55. ^ *fl^*l °fll<HH IM9 ^li^ 

#7^ »| ^ o}c} IM9 ^S^) ^fl^b o] ofl£.^ 

Mg 2+ -^^ «a5.-fr#Sllo>X|[Anzai N. et al (1995) Blood 86, 917-923; Kawabata 
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H. et al (1993) Biochem. Biophys. Res. Commun. 191, 247-254; Sun X. M. , and 
Cohen G. M. (1994) Biol. Chem. 269, 14857-14860; % Kawabata, H. et al 
(1997) Biochem. Biophys. Res. . Commun. 233, 133-138] S^r Q^P} 9X~ir 
^j^rf. ZLZ\i^ c>m 77\7] apoptosis^l ^S}^ MM^ll- iLJi^ 

^i&ofl ^-o^-s}^ Jl^o] Ca 2+ /Mg 2+ --2] ^ ^^Tr^-efl^UStratling W. H. et al 
(1984) J. Biol. Chem. 259, 5893-5898; Pandey S. et al (1997) Biochemistry 36, 
711-720; ^ Ribeiro J. M., and Carson D. A. (1993) Biochemistry 32, 
9129-9136], DNase ItPeitsch M. C. et al (1993) EMBO J. 12, 371-377], DNase 
IltTorriglia A. et al (1995) /. Biol. Chem. 270, 28579-28585; ^ Barry M. A., 
and Eastman A. (1993) Arch. Biochem. Biophys. 300, 440-450], NUC-18 [Kawabata, 
H. et al (1997) Biochem. Biophys. Res. Commun. 233, 133- 138] %ki? ^^3, 
^-PAGE^o} o]^ 7 -]el * r o"|, ZLB]i 2\*\%^ P H ^€ ^ 

Wftl Mg 2+ "^€^ ^£^#5)1^1^ 

apoptosis ^3L^ ^M^H=r aBJ^-e} apoptosis if 

^oflAi ^A^V $SLsL ^ Si^. 14^1 ■aiTr^-Sll^l^ # 

W D)]7l-M^Sr ^^-tb ^°\)*\ Htl^^ apoptosis 4^-8: °l 
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n*\^ ^--g-tb ^ 9i^. 

2-1 Apoptosis -frS. 

a>^- B-^^-O}- (IM9) ^lS^-t- r^ofl apoptosis^ 10 ug/ml^ 

CHX(Sigma)!- ^^^Jl 24 yfl<£sH o-T^I-^tHChow, S. C. et al 

,(1995) Exp. Cell. Res. 216, 149-159]. CHX^l ^^fl apoptosis7> -fri^ 

^^o]^ ^tilth ^ Wright-Giemsa (Sigma)S. <g^§} 

£ 15A°1H CHX(10 ug/ml)# IM9 ^i^l 24 ^\^^}^ nfl ^ 

3*1 Tr#5lli^^^: DNA ^Bflol DNA # 9X91^-. CHX^) JL^f 

12*1 # ^-^7) ^l^-*>^ 24 DNA ^3 

^"Sr ^^1-^4. Apoptosis^l 2\f% M}±7} ^ nfl ^o^q.^ 
^^§}7] Wright-GierasaS. <*^3fl ^ 1^ £ 15C<4 CHX» ^2]^ 

'^-fli^H^ apoptosis7> ^7} #o] ^fl^-O^, ^1^7} ^n&l^l^l 

S.°H SZfM-fe ^^^l *HSS.<8= ^5}-7>(i 15C) ^^S. 

^^Hr 15B)^- t>l 325] 



2-2 CHX* ^ el^b IM9 ^^-j-gfloMH ^^b DNA 3-31 
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IM9 5 x 10 5 7fl ^li/ml^ «fl °^}^. ^ilO ug/ml^ 

CHX(Sigma)» ^a|*|-Jl 24 ^r^l *1*> 23^5- 1 x 10 6 7fl^ 

Blin if Stafford^ ^[Blin, N., and Stafford, D. W. (1976) 
Nucleic Acids Res. 3, 2303-2308]^ ^ DNA# -f 1 *^ 1 ^. 1 x 

10 6 7fl^l PBS5. 2^ ^Wfjl TE ^-g-^jl^ ;<fl^-M?l DNA 

-8-^(10 mM Tris-HCl, pH 7.6, 10 mM EDTA, 100 mM.NaCl, 0.2% SDS, =L2\3L 100 
ug/ral =S.Bflolo>^| K) 1 ml-i: $7}*H 50°C^l^i 8 ^12 ^-§-*l?I ^ 

23 *j ^ «H *fl 7-] 0.3 M <>H1^ M-J=f-(pH 

5.2)1- ^7><S: *W *r7b£ <*| ^-§-3. ^^^^rf. oj TE (10 mM 

Tris-HCl, pH7.6, 1 mM EDTA) ^-g-^^-S. ^ RNase A# *\Z)o}ZL 1.8% a>7> 

^ ^oflA-] ^7l<S^"i:-^a8*fSa4. ^7l^^th 0.5 ug/ml^ ti^n} 

ol = 7> 1;<>| 30^ «^1^V UV°\}*\ ^^4. 

*H DNA- -PAGE ^r#3]<>"Ml §^ € *r<a*r$^. S- 16A^ ^^HH 

IM9 24*12 ^91 *fl SflS^rrMo'Ml ^ 

^§|-7ll M-Ef^ 1: ^ Sli=f . ziem- CHX* *|e|3; AHa^l ^3. -g-sfl^H^ 6~12 
*12 ^thi: 1: &^C£ 16B), ^ofl =1 ^HH^ Jl^* 
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^3fe(5L 16C) ^S^rf. 
2-3 ^ ^ ^>7V^r^ 

Afl3£^ ^ ^rSL|S}7l ^Sfl 1 x 10 7 7fl2l Aflf *}7}£- PBSS 3^1 ^ 

50 mM Tris-HCl (pH 8.0), 5 mM MgCl 2 ZL^ji 0.9 M ^3.3.2:^- *>7>^ ^ 
^-g-«*| 0.5 mlS 4°CoflAi 20^ -8-«fl^l ^tf . ^u]^ Afls -g-^#^ 1.2 M ^3. 
S^ -g-tij 0.5 ml ^rB^ZL 800 x 40^: ^ ^^el^t}-. ^^#^1 

20 mM Tris-HCl (pH 7.0) ^HNj-^O-S ' £8*}. 

^e)^ xa\°) x} 7 }^^ Mg 2+ ^ Ca 2+ ^1 ^2.* ^SM^l^ 37°C*1M = W 
a]tV ^r^^-Sa^-. ^-g-^ 10 mM Tris-HCl(pH 7.5), 100 mM 

NaCl, 1 mM EDTA, 1% SDS n£\JL ^^^^1 DNA ^# ^-g-^ 

0.5 ml* ^ #^^1^4. ©1 ±^-§"1- 50°C<>fl^ 3 ^-§->M*I ^ ^Sf 

^]t/t^lf^ 2S\ ^^-a- ^It^sVji 0.3 M °}^;ea> i^m^-CpH 

5.2)1: ^7}tb ^-8- ^}7>^ oil^s. o] ^^#* TE e^^i ^ 

51 ^ RNase A# *1 s^ul 1.8% o> 7 >^.^ ;gofl^ ^7]^-^* ^ag^tf. ^7l^^ 
€ 0.5 ug/ml^ oflBll- *Li^H = 7} l-o^ -g-^ofl 30^ ^<>> ^ 
UV°1H ^9^. 
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<a^Tr€-sllo>^ Jl4i^^ ^4 Mg 2+ ^5.(1 mM, 10 mMHl A 

5. DNA^l 2l^^ q ] ^S§>^^-. ^ Mg 2+ 

-g: Ca 2+ 5L tfl^l§}^^ ^-foflfe ol<4 ^-o. DNA ^^-o] &5tt°^ Ca 2+ *f 

Mg 2+ ©1 ^o] ^*flsKr Mg 2+ ^ #^ nfl<2}- ^ O-^ DNA 2^ 

M-EbdWE. 14A). ^, Mg 2+ ^ ^£oi] o^^-fe ^l£.^f#^o>^l Jl^^I ^ 
§H DNA7> ^-^s]^ -sfl^l: ^ Sit]-, l mM Zn 2+ £f 5 mM EDTA 

*W*1 DNA dt^ ^0^14x1 ^St^CE HB) Mg 2+ (10 mM) ^ Ca 2+ (10 mM)^ 

JL^^l ^E 2:?HH 0-4^1 ^> DNA 2:^ H^-lr ^r#?b 14, Mg 2+ ^O-S. 

nfl^ ^r-g- 30^- ^PfE] DNA^q- a] & o.^ 60-240^ ^ 

^€ DNA ^ fj-g; ^#§}Si4(E 14C). Ca 2+ ^IH^ 4*1 

DNA 2^ ^^x] Wroj-4(£ 14D). °1#4 ^ ^ IM9 

^li^oi] ^fl^fe «as.Tr#ell^l M^lfe DNA ^^-i- $m Mg 2+ ©1 

AS. A^^^r ^-°1§>^^. 

2-4 ^lS^l *H ^Hfe ^E^^WI^ ^ ^ ^ 

M-^d DNA# 7l^S. <>l-g-3H Sii *fl2:^Hl 1-4^ 
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27} ^#^-8: ^^V^i}. apoptosis^l 

ZnCl 2 ^ ^5110] e^]o] EDTA# ^S)^* nfl JL^%^3 

DNA-^<£-PAGE°lH ^-^1^- IM9 ^fla^l #^fl*|-fe ^£^€-^^^11 S.^ 

%s$o\ ^*}7] tit -PAGES. -g-t^}^. ^SLtt 

^o]^_o|^^- ^^*v ^4 >i]£Bfl<g=«H ^flsKr ZL&Q ^-o] Mg 2+ - 

^^^■i- ^^V^CE- 17). Apoptosis ^Sfl-i-^Sl Zn 2+ sty *1 MsMl <?1 EDTA 
Ir^-fB] #^^n] = DNA7 | DNAS ^S)^ Mg 2+ 7> .8.^1 <t *r 

3 

^oa^o^ <q «- DNA°fl tn^ <&^m$w*) ^ ^-g-^#^ ^ t?-^ 

7H ^ ^<&*}7} ^Tfl^Jl ^^ojlO.^, o] oi*}-7} ^^15.-1- 
S^^I^I^jI <£e|^i=HGilkeson, G. S. et al (1995) /. Clin. Invest. 95, 
1398-1402; Gilkeson, G. S. et al (1991) Clin. Immunol. Immunopathol . 59, 
288-300; Messina, J. P. et al (1993) Cell. Immunol. 147, 148-157; Rrieg, A. 
M. et al (1995) Nature 374, 546-549; % Halpern, M. D. et al (1996) Cell. 



40 



( • : r 

Immunol. 167, 72-78]. ^^§-#5^ DNA^ *V°1 ^ *>M-^ ^^r 

^#£r CpG CpG tq^B)1.2_B}-o-|T= o} A>ol S Al( cytosine )ofl o_ 

^ ^M^-£)^ o^rf^ A>^o]4[Bird, A. P. (1995) Trends Genet. 11, 94-100; 
Razin, A., and Friedman, J. (1981) Prog. Nucleic Acid Res. Mol. Biol. 25, 
33-52; ^ Han, J. et al (1994) Antisense Res. Dev. 4, 53-65]. <£^}-i- 
£ tiv^o}- DNA°fl ^Mfe CpG mot if 7} B w}M.7\] ^ 

IgM &v)Mr ^r^HtKrieg, A. M. et al (1995) Nature 374, 546-549; Liang, H. 
et al (1996) J. Clin. Invest. 98, 1119-1129; ^ Yi , A.-K. et al (1996) J. 
Immunol. 156, 558-564], <?>T5]-IgM ^cMH ^1^1 M)^7}7} ^^?\} £\5L, 

CpG motif^ apoptosis7> <£^i-)-fe B c-myc ^^Sr myn, blc 2 , 

ZL5]31 bcl-X L mRNA ^^8: f^M ^ apoptosis^B] JSLSLSfl ji ^ 

£^-[Y, A.-K. et al (1996) J. Immunol. 157, 4918-4925]. IE ^olH^ 
CpG motif7> B #^5M^ <&£r <?H] IL-6 ^ IL-12 ^ 

a]^14ji a.ZLS}^x^-[ Hal pern, m. D. et al (1996) Cell. Immunol. 167, 72-78; 
Yi, A.-K. et al (1996) /. Immunol. 157, 5394-5402; ^ Klinraan, D. M. et al 
(1996) Proc. Natl. Acad. Sci. USA 93, 2879-2883]. CpG mot if NK M]S.<>\} 

^*r>H CD4 + *flS<M iFN-r* . -frS-^fe ^^[Bird, A. P. 

(1995) Trends Genet. 11, 94-100; ^ Yamamoto, S. et al (1992) Microbiol. 
Immunol. 36, 983-997]. t^-ej-^ CpG DNA°1] ^Afla^ ^M^fe IL-6^1 -frS. 

ofl <q*j) ^(]6fl^ ^7>a]71ji iFN-r^l ^7}^. 
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DNA1- tfl<*H3E7> ^H^^M TNF- a , 11,-10 , nz\JL 

^^1^1-2 mRNA -fr^t ^^[Stacey, K. J. et 

al (1996) J. Immunol. 157, 2116-2122]. 

oiH •a^TfM-^i^i^ ^--s-^i ^i*fl ani^i-sa^. ^^i^^ 

DNA S^lfe 5'-^hcH| ^ 7 fl£| ^71 ZL5]ZL 3'-^hcN| «- 7 fl<3] 3*| 2} 

^ ^7lS. CpG mot if 7} €^H^S: CpG motif7> €^fl§Hr 

^elJl-fr^5lli^B|-o]^ul- pcrs DNA^l *R-<*I| o^^d B *§3.<& IM9 Afl3E^7> 

IgM-gr ^ti]^ &%*t ^ 5U$t}. ZLe]u|- CpG motif7> DNA^- ^AfliSl 

^ CpG motif7> B AflS^l- tfl^Ml^ ^ofl 3-g-*H IgM^ A}o] S 7}-ol o} ^r«l* ^ 
a]^]c}^ 7l#^ ^^S. ^1^4. ^-^M- ^31 3°]- DNA* £r*fl§M CpG 

mot if 1- 4^3- °H1 ^3fe 3L^1 £fl*Mfe -ff^ 
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3-1 ^Tf^gfloT-^ofl ^Eflg]<4 DNA 

JL^€°_S. IM9 ^I3^r3 yfl <£ ^ -g- oi-g-^t}. IM9 ^]^# 10% FBS# 
RPMI1640 *fl*HH 37°C, 5% C0 2 °1 B] o\}*\ 48^1 # «fl°<}=*M ii^o^. ^>-g- 

DNase 1^1 IM9 ^S^H 03 5=- €-eflo>^^V ^*fls>^ 

Jl^^r FBS7} ®±± AflS# 36 ufl <£*H ^l^n^-S: °l-8-*|-SW. 

£L^2) 7}^S. #5}^^l^(pGEM-T 3.0 kb)^ tfl^^H 

^ -g-^l^[Birboim, H. C, and Doly, J. (1979) Nucleic Acids Res. 7, 
1513-1523].° 3. s^Sft, *fl^-/#3.3.X#°-3. 23 ^, °1] W ^^^-§-^r 

38 «H 71]^ DNA ^ IM9 >H|3E.^ DNA^ Blin 4 Stafford^) 

^[Blin, N., and Stafford, D. W. (1976) Nucleic Acids Res. 3, 2303-2308]-!: 

^ PBSS. 23 Afla^ ^ TE 

^f-fM^ ^ DNA ^# ^-§-^(10 mM Tris-HCl, pH 7.6, 10 mM EDTA, 50 mM NaCl , 
0.2% SDS, 20 ug/ml RNase A)-8r 37r*M 37°Cofl^ 10^r# *\?]$: 5\ = 3.3M4*I1 
m 100 ug/ml 5] ?\) 37>*H 50°C*M 8*1 # *>-§-*l^. °1 *>-g-<^ *H^7€"3.3. 
If^S 33 ^^-8: ^flTl^r ^ ^ ^-*|-<*| Tfl^ DNA 

# DNAS. ^"71^ ^ ^ DNA°fl ^ 

LPSS] Limulus amebocyte -§-*fl* [Sullivan, J. D. et al (1976) 
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In Mechanisms in Bacterial Toxicology, A. W. Bernheimer, ed. Wiley, New York, 
p. 217] ^ofl 2.5 ng/ml °l*r<S-g: SHl^i}. . 

10% FBS» ^-fr^ tifl^^- FBS7> afl^H^ IM9 ^] ^ <£ OJ HH ^) 

5:^%^^- ylJ2§l-7] 100 ng2] #5}r^n] ^ DNA°fl ufl^-g- 20 ul» 

#5flo}-*fl ^ FBS«^l ^*j|Srfe DNase 1^) ^1^7) FBS7} $ 

o>^^ Hlr-g-^o] *}o] 14^*1 » ^^§>7l tfl^, IM9 M}^, =l?)JL <£o] 

^A DNA 100 ngofl tfl^H ^ ^r-g-A]^ J:^^ 1% 0} 

<*}x}S. 10% FBS# ^-B-tb RPMI1640tifl^ 31 IM9 ^fliafl^-| ^ z]- 
A DNA# ^-«flA]7l^ ^^l^j(in vitro) *>-§-J^ii- ^r%S^^. 

£ 18A^ l^H^ 10% FBS# ig-fKHr RPMI 1640aflX) c%x\ #e)-^n]= DNA o) 
^§£1- ^iflZL °] £ 1D<*M «fl*H DNase I 

°1 DNase ^-i: # ^ °l£r°m- ^«fl#^^- lt«m ^zj-^ 

^ ^li^fl^ * FBS7> §}^r wfl^*)- 10% FBS ^ iW^HH^ # 

A^)^ DNA7> «>-§-Al^Hl 4^- £:*fl^-g- 1- ^ XlSirf(5L 18B ^ 18C). ^, IM9 
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^li^l ^VI-^'MH] 3*H DNA7> ^r^^^r 

*r Sl^^l, ^ 18B 51- 18C* 10% FBS1- *1]*HH3 ^ yfl<£6fl 

^STT^-ell^Hl^ aj-g-o] rfs. ^cq DNA oi] O^^Tfl 3j-g-§l-^^# Al^tb W 

S. 19°1H 1: ^ &^-<>l tfl^-g- DNA, IM9 ^3.^- DNA, ZLSjZL ^ 

3-2 ^-BflglQ> DNA^l -fr«a % DNA <g 71 >q <j 

1^5^ 10% FBS* RPMI1640 «fl*|£]- IM9 *fl2E^r«- 48^1 ^> «fl<£*b >fl 

aufl^^-i: «1|*H-*1 IM9 >fli^l- sfl^Sa 1 ^. DNA (25 

ug/mD-1- ufl<g=flS|o|l ^o^JL IM9 ^lS^l- 1 x 10 6 /ml 2] AflS^S. Hfl^*^ 

*\ ^33: ?J3 3«H ^1^1 -fr^ DNA* 

^ 31 DNA* IM9 <£^& ^lit* 

<*| PBSS. 33} ^|^«j-sa^. °1 *H3-* *>7}£ -S-^erR ^-§-^(10 mM Tris-HCl, pH 

•7.5, 1 mM EDTA, 150 mM NaCl, 1 mM PMSF, n^JL 0.5% NP-40H Jfl^-fM^ ^ *ll 

^ *1 <*] 1-2^ *}eM -M#^r ^5. DNA ^ 
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DNA» ^-I-l- TE ^-§-^.2-^ ^t°l RNase A# 1- 

^ (southern blotting)^ ^;g_s. ^l-g^lS^. 

-g-^^-^l^i ^#tb DNA1- 1.8% o>7>^^ ^71^^*1- ^ oi 

-^^r ^71^^^ o} 7 }^^ -g-ofl(i.5 m NaCl, 0.5 M 

NaOH)200 ml^S^l 20^- ^JL ^, -g-^(1.5 M 

NaCl, 0.5 M Tris-HCl, pH7. 5)200 ml ^S.<$ 20^ ^lth ^ 

^flofl ^-zlcH ^#c>] ^ojrf. 20X SSC -8-«q (175.3 NaCl, 88.2 g^ q-lf X\M, 
511 o]e 0.5 M EDTA* 2 ml ^ZL =§^f-^lr ^7>*M 1 £ ^Mlt!: ^ 121°C°ll 

*\ *}-8-)°l ^^1 -8-7H se ^ ifla.^ -8-71 # t^s. -§- OJ i 

51 ^ «>^oi oiTfl S}^. =l ^ofl 20X SSC^, ^o] 2 

mm ^5. €■ Whatman No. 3 ^H^l- ^-^wj-^o] &7fl -g-a^o} <£so} 2 0X SSC» <3 
^1^4. s)l o] s|<fl ofl o}7}^L ;g-g- 3^°! ^S^JI, Hybond + q-*J€- ^ 

A 37l^l &7fl #31*^. Hybond 4 4^ 5L^7} c=,> 7 >^.^ ^JSJ} 

2 mm^ Whatman No. 3 5| 3^Sr ^}^o),^ 7 }^ <g7\] £rS\^ ^, 
#^8- H ^°11 10-20 cm ^-©lS. #31 ^ 500g ^£^1 ^-7ll# A #3 
5^1-8: € ti>rt-^ :f-5ji c^-j- 8 ^R> ^^t^-. DNA7> 

^ UV» 120,000 uJ/cm£) <*M*ls 2^ -^<£ w-7\Ma]%v)-. 
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^31 3°} DNA* «ai-Tf#Bll^>^S 37°C^^1 30^- # «H-*H 100-200 
bps] «>-§- ^^#^r 1% o\7}s,^ m $.7)°$^ ^] & ?l^(Gene Clean Kit, 

Pr omega, Inc.)S. gel°lH DNA* 3^1^ DNA ^AS. °1 t}. o] DNA 
50-100 ng-8- 100°C ^°\]*\ 3^- -g-^ ^-g-°ll ^^ DNA 

^1 32 p^ a^l§>^i^-. DNA S*| ^ 10 ng, 4 ul^j ^-g-dj 

(50 mM Tris-HCl, pH8.0, 5 mM MgCl 2 , 2 mM DTT, 0.5 mM HEPES , pH 6.6), 25 uM 
dATP, 25 uM dGTP, 25 uM dTTP, 60 uCi [a- 32 ?] dCTP, HZ\JL 5 
unit* ^ 20 ul* 37°C^1^1 2 «>-§-^7l fe- ^ SeM^ ^-g- 

°^7H1 0.5 M EDTA 2 ul* ^ ^ ^^l^l^l t}~§- ^ 3 
M «=>H1^ 4Sf (p H 5.2), ^S^7>^1^ 20 ug^ <£o] ^} DNA* t#JL 2»T| ^ 
oll^^: 37>SH ^J^Ul^t}-. °1 ^ TE 48^-g-^AS. ^ 100°C<fl 

UV-7>iSAl?l Hybond + ^ 68°CS. *1b1 f^lM?! ofl «1 Jii^Sj- -g- 

°-3(6X SSC, 5X Denhardt's -g-<^, 0.05% ^SSl-iM-E^ 0.5% SDS, =LB\5L 100 
ug/ml^ ^o] 3*). DNA) °fl ^JL 68°C<>IH ^^*V 1*)?} tS^. =l ^ 

<£-£r°\}*\ Ajtl ^3 H^M D J H o v ^°11 ^*t] ^-8: ^Jl 12*1 7_> 

sHu.ejs.SW^cl-. °1 €3* I (2X SSC, 0.1% SDSHl £r*l ^hg- ^ 

10-gr ^£ 68°C^Ai Plsl ^^-a]7J ^ 3 -g- ofl IS. ^Bl* ^ 25 

47 



^S. St^^i *£°]^JL, ^1 68°C<>1H ^^-Al^l ^-g-^ n(0. 2X SSC, 

0.1% SDS)^- Geiger 3, ^§*M 1W¥ 0 1 ^if 

°1 ^-i- X-^d % v *l] intensifying screen^ i^-sM 

^HjEoii ^ -70°C^1>| 12-24 *RV 4-§- ^Sr}^. 

^-Bfl^o> DNA £fe #e|-^D]^ DNA# Afl5. *fl°<M ^ i^^V -§-o> 

37°C *\\*\ nfl 0 ^ ^ ^13. -€-*fl#<>]l DNA Sz]-* 1.8% o}7\3.^ ^71^ 

-§- ^, ^ °l-§-ofl s)«fl>H ^€ 50-200 bpfl*H Sfl^m ^ ^ #H 7lM 
(Promega Inc.)S. J^^t}. o] DNAS^l:^ £ 21«\}*\£\- *&^°-S, pGEM-T 

(Promega Inc.H ^4°] t})^-^^ #5.^ Sip 0 } Sanger^] ^^^j 
iB|-o]= ifl [Sanger, F. et al (1977) Proc. Natl. Acad. Sci. USA 74, 

5463-5467]^- a] 3fli+*ll (Sequenase) TM t*|^ 2.0 DNA ^ 1^ ^lS(USB)-^ ^l~g-*r 
^ "^H^ %<?}<5)-^tK A-^^j ir^o]^^ is} 7 ) a iofl q-sf-i M13 
*i 0 l-g-*)-£r}-. DNA BLAST (Basic Local Alignment 

Search Tools) S.S.zz.'g-i; o]-g-§]-o^ w>Efla)o> DNA^ *}-s^ ^ 
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[3. 1] 







^1-8- 


A 


TTAAAACGTTCAC 


CpG motif 


B 


AAGTGAACGTTTT 


CpG motif 


C 


AGCAGCGCTAA 


CpG motif 


D 


AATTAGCGCTG 


CpG motif 


E 


CTCCCGGCCGCCATG 


PCR 


F 


TTGGGAGCTCTCCC 


PCR ^e)-oH 


G 


GTTTTCCCAGTCACGAC 


*\ (pUC/M13 


H 


CAGGAAACAGCTATGAC 


^ 1^1 (pUC/M13 



^1^- 25 ug/ml^ ^-Ell^o} DNA^l- M9 Bfl^M^r ^ , «fl 

*H ^-^l^-Sa^KS. 20). -^lafl^ 30^ 100-200 bp^ DNA -fi-^-i- 

o.^ afl of *1*HI ^ ^*fl°lH 100-200 bp^l DNA^ <9=°1 ^^-i- ^ 

4- °1 IM9 >flS^fe ^^l^Al^l DNA-i- Afl3.tfl3. 



^^^1 -n-^ ^313°}^ DNA# ^e>c^ £ 21*11 ^-^S DNA <£7H<* 

CpG mot if 7} ofl^Tr #511^1 *>-§- ^#41 4^ ^ ^ oir}. ^^9j CpG 

motif ^^TiHH B >*flS 5Efe cfl^i^il- sH^sH^ a>o]^>o]3i|. IgM 
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4i#^6fl o]^- DNA S^j^io] e^-g- ^§H=r CpG 



motif* >«^^Rr AflS£ A>^^ ^xfl&t]-. 



IS. 2] 



^<>1H ^nr^^M ^*f) 50 200 bp DNA ^ 



EC1 AG AG C A G CG CT AATCTCTATCG ATG ATTT. . GTC A AAA CCTT CACCA. 

EC2 TTAACAACGTTXKXXjCGATTGAGAGCGATGGCGTTGATTTCATGTAAACG 

ACGTGGTGAAAACXjATGATGGCGCACGCGAGAAAT 

EC3 .....CCCA TGACGCA CCGCA^ ATTCCATCGCCATCTCAAACTTCGGTAA- 

EC4 TGCCT^QGAGTTACCTAATTCCATQQCCATCTCAAAC^ 

ECS CXr mGACGTT GAGT CCACUri CJl-l/i CCTATCTCGGTCTAT 

EC6 TTTACGGTTCCTG TTTCC TGCGTTA TCCC.... 

EC7 GT^ACCATATCK>GAGACCTCC^CG^ AGCTTGGCGTA 

ATCAT 

EC8 . .TTTCC TGCGTTA TCCC „GCTG ATACGCTCG CCGCAGC 

CQ AAgg ACCXg AGCGCAGpQ AGTCAGTG AGCGAGGAAGCQ 
PD1 CnTCCrCGCTGACTGACTOK ^^ 

PD2 _ GGTCTG ACG CTCAGTGGAACGAAAACTC ACX3TTAAGGG 

PD3 T AAAG AACGTGG ACTCCAA CXTTCAAAGGGCG AAAAACCXJTCT ATCAGGGCG A 

TGGCCC 

PD4 TTCCCAACQATCAAGGffiAGTTACA. CTC£QATCQTTGTCA 

ECS . . . .TGCTGTTCGGC ACCAACAA TCACGCC G ACTTTAA 

HC1 TTCGATTCGAT TCGAT. -TTCGAG. 



ECl-^^^b Tfl^ °l.#e|- 0 l <$7] 2874223 tfl^l 2885223(5416-5614) 

EC2-&*i^!- <$7] 4067762 ifl*| 4083201(4741-4852) 

°l.#eM <$7] 2244905 2255428.(2027-2108) 
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EC4-&^ Tfl^ o].^-e(-ol c* 7 ] 2244905 tfl*| 2255428(2064-2109) 

EC5-ol #5}^]:= ^ #5.^ P ET31F(258 376) 

EC6-°1 .#eM3.JfE^ P KF3( 2004-2066) 

EC7-#3.^ pGEM-5Zf(-) (75-170) 

EC8-*1^*1 ^4921698 Jl^l *\<& 

PDl-pGEM-T (401-519) 

PD2-pGEM-T ^ B\ ( 1130-1306 ) 

PD3-pGEM-T ^ &\ (2513-2610) 

PD4-pGEM-T ^ £| ( 1685-1795 ) 

EC9-^-*)t!: °l.#eM <^7] 220025 ifl*l 231029(829-872) 

HCl-SS. ^'HeM's. 2 «>^- £.4: DNA 

3-3 AflJEvBofl -fr^ DNA^l = Sfrql 

AfliiflS. SS^l^El^ 50-200 bp^) DNAS^o] ^atflcflA] 

^^IHH <£*M T3l ^ *g ^ DNA ^Hl^ ^d\] H3.<% ^ 

U=-£ ^-^1^-71 iflsH PCR ^-g: PCR ^r-S-^^r 0.2 mM dNTP, ^ 10 

pmole^ =2]-°H, 10 mM Tris-HCl (pH 8.3), 50 mM KC1 , 1.5 mM MgCl 2 , =l£\JL 2.5 
units^) Tag #&MeMllr i^-S}JL ojtf. PCR = eM^s.^ 
5 1 -CTCCCGGCCGCCATG-3 ' ^ 5 ' -TTGGGAGCTCTCC-3 ' (S. °1 t}. 
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( 1 ' ( 

PCR*>-§-£r 35s] ^^(30^ 94°C); SeM^ o] 

^(302^ 42°C); ^^(502:^: 72°C) . PCR TBE ^-g-«H>*l 

8% €^-PAGE# *r*8^ *f- ^-^}o]IL^ PCR«>-§- ^#-8: 

*\ DNA«- ^t^r£^. ^#t!r DNA1- <3€#5. ^^1^1 ^ M)5. °>]-%-*}7} 
PBS^ <$5L^W%}°}x\}2) #^-8: ^^7] ^«flA^ TE ^-g-^^l 

<$^W$M*\}2\ ^-§-^1 100-200bp^ ^Bfl^o> DNA# 

^£HH pgr ^l^H -fr^^H ^ 

BflS #^Kr*l ^-«?l^-7l PCR EC1, EC2, ZLE)J1 HC1 DNA ^41: 

^ nej-o]^^ ^-SeH^ ^^-^ DNA# 32 P^ S^l 

S}^. 32 P^ DNA^z]-i: IM9 U937 ^S^r 3.?]JL TPA1- ^5}*]; 

U937 ^l^ofl 100 ng/mlS ^JI, °^^t DNA7> ^ofl -fr^^l 

w ^l^HH ^SLitI"^}^ z\f$\X\?}7] 0.2 

raM ZnS0 4 (Sigma)» ^\^}^. 4r<^ DNAfe HS. -g-Sfll-olH ^1 DNA» 

3^ rf-g- TBE ^g-g-^H 20% ^<3-PAGE» ^*g*r^- i£a>^ a>^1 

(autoradiography)^: ^lX^o^ DNA7> JES^E]^ sf^azf q1]5^rr 

32 PS EC1 DNA 2:^* IM9 *\}^°\) -fr'S*!*! ^ ^li 6 !! -fr^ DNA» 
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M}£. -§-«fl#^l>| 20% ^-PAGE* ^, 32 PS. 

DNA* €<^H a ^ji^sll^Bl-o]^ 

3\- o]^X\^ o* 7 ]X\cg-Qr *}Mis}<%^. ^#*b 32 PS, 3-*}& DNA 

4 *slJlTr#5ll^^ol^ io ng-8: 6X SSMH ^t!: ^ lOOX^H 5^r# 

TBE &^-g-°JMH 20% €<2-PAGE* 4°C<>1H ^r^tt ^ ^l^^fl 
°fl -frt!^ DNA^I- #J>M£-S. If^Rr ^re)ZLTt#^]^B}ol ^o]§>^tf. 

DNA ^ , ^^^^1^1 DNA-& "^"W ^rSlZL^f#s)l^B|-ol^ 

51 ^7H<!^-g- EC1 WA2iZ\°\} ^-5}^ A, B Q EC1 DNA°fl €^fl§}*l £fe 

C, D, El- ol-g-^^-CS l). 

B-^^o> IM9 M}5-^r 4 U937 ZL^jl TPA* 

^ U937 ^lS^M] ^ DNA^ ^ ^i^^H^l 

^ ^ ( £■5}3X^. ^ 14, ^Hl* «|tl 100-200 bp# PCR 

32 P5. S^lAl^l ^bSQeK DNA IM9 ^lS^H -Sq^ DNA 

■fr'S ^ >M|atflofl^ S. 22^ l^Hl w>^- ^-tf. 157 bp(ECl)^ 

DNA 4°C*\]*\5= M)^S, -f^^Hfe ^li^l ^tf-^H oi-g--g- ^ 

20% ^-PAGE ^ 10 bp^l DNA *r ?X9X^. 
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10 bp^ °1 DNA 2^ *1^M oj£-ifl 

o.^ 20% t^-PAGE (8.3 M ureaH^S. DNA^ «Kl*t t &aM. U937 

M]±^rQ TPA U937 ^Hr^r ^ DNA ^ ^it^H^ 

51 £ 23^1 ^i^- TPA1- U937^lS.^<^l^fe £ 23A5) 

*1 ^ &°a4. ^-SlM- £ 23^1 B^H^ TPA» ^el^H ^5)-^ U937^S 

^o)l o^s}^ ^ «- DNA^ ^navfl S^l^^- SHi*}: ^ o^^rf. £ 23 

3 B°1H *r 0.2 mM Zn 2+ <H] 5)^ ,*l|Sifl6f|>*1 DNA = 3.*fl-gol 

7]^-77}*]°\ ^ ^I^H ^^4a7> <q^f<2] DNA» = 3.^*1-^ 107fl ^71 
2] £.2.3. Htl^l °H ol DNA 

^^l^Sa^. PCR^r-S-efl 5)^() EC1 DNA ^S^#^r 32 P3. AflStflS. ^fr 

^S.^ «as.^r-g-Sfl^>^|ofl 4*fl = 3>M| ^ € 107fl <*7l<2} DNA EC1 
01 x\<=*s\- ^lSHf o^el ^ ^ul^^i^Bl-ols.^ ol ^a^ 

^.30.3. ^5}^ «7lAl<l^- 3-01^ ^ $££^(51 24). °1^ ^4 7}^ ^ol 
0.3. ^^-^r l-elJiTf^-sll^-^ol^^ 5. 1^1 oiigo A3.A-1 EC1 DNA°fl 
^H^o]^ AACGTT motif* 7}# A-^ojo^ ol ^S^ffello^l 
c-i j^s^cfl Afl 3. tflJfoflAl ^s^M^l^r ^l^o} DNA^l ^71 

*\<&3, <£b|:*I CpG motif7> 0.3. SHl^S^. 
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3-4 ^-Bjlg|6> DNAofl IM9 IgM^l q-ql 

B #^^1^ ^l^Vai:^ IgM-i" ^H^lfe 3i t^^l CpG 

motif* 7>^i ^ji^f# 5)1^011=^ ^^4. <a£Tt#^i^i ^--8-^1 e)n 

DNA ECl^l A, EC2^1 ^flsRr -g-^^n. B =lz\5L CpG 

motif7> ^JL E* ^M^V^C^L 1). J£*b CpG motif* <^ 7fl 

EC1, EC2 PCR -M* =l£\5L ^H-i DNA* -CpG 

motif* v\M^*)7)7] DNA* ^S^fr^-^l^HlS 

100-200 bp 2:z]-a- ^a]*}^. ^-g-^ 30 ug^l DNA* 15 unit 5] CpG *fl€ 

160 uM S-^cil^^lBl^.id 0 l ^-§-^(10 mM Tris-HCl, pH 7.9, 10 

mM MgCl 2 , 50 mM NaCl , n^\3L 1 mM DTT)£ ^S'M 37°C<^H 3*)£ «>-g-^ 
4. CpG ^MSHr Hpa II* ^^"M 33-<as}£4. 

a}^<>\ B-^=6} Alli^o] IM9 ^l^r* 10% FBS* ^-fr^ RPMI 1640 tifl*H 
tifl^ ^7lofl ^3t^* 2 x lOVmlS. *}S$-<^, 
TT#ell-2.^oi^ DNA* 25 ug/ml^- 24*1 # ^ 

^ o.i m Thatfloim ^-8-«?(pH 9.6)^1 o>^-a>^-^-^-^- 



55 



r 1 • r 

©13 IgM (5 ug/ml, Sigma)^: 100 ul/^S. 4°C°1H 16*1 # ^l^^. °1 ^ 

PBSS- 33 ^ ^ 1% BSA^ 2*1 # %-°± TPBS (0.05% 

Tween-20 in PBS)^ 33 AflaJsHatq-. ^Stifl^ £^ ^4)^- 

^ IgM (Sigma)^: 100 ul/well*? ^^^31 ^£r*lH 2*1 # -&^> ^l^b ^ TPBS^ 
3S) ^l^^^rf. 0J7H i% BSA» f-fr^ PBS<Hl 1/4.000S. sj^tt ss]^-X] 
4^1-^1^ 9}^-+}^ Ig# 1*1 # ^.o]- ^oflXl w 0 >^l^ ^ TPBSS. ^l^Sj-^rf. 
<^7H 0.05 M ii*Mm ^^-<aj( p H 5.0)011 9X^= o-^^o}^ t)t%°)Z. 

3.#3.eH 30^- ^h^o} ^Al^t^. ^ 0.67 N H 2 S0 4 # *\?)*} 

^BlJlTf^-Bll^^ol^s.^. iM9 *l5l*M 48*1 Zt ^1 £-«l 

& IgM^I «9=-g: ^§h5^ nfl, CpG motif!: 7}$. -grill jI A ^ C«1Mte 2-3 

ng/mlS ?A^r <r SlSt^M-, CpG motif7> #E|J1 E«fl ^*f]*i 

0.5 ng/mlS aJ-ir.^^: <r 25). J£^r ^3151°} DNA^- CpG 

raotifl- ^s] 7fl 7}& «i-Efla]o> DNA^ PCR >$*3# (Table 1. EC1, EC2 DNA)^ ^ 
2-3 ng/mlS IgM^ ^l*)-^^, ^s|o> DNA^l CpG motif* A 

>J|S^ afl^^^l ^^§>S^- IgM^ £-«l 7> <^^^i 

t=K5. 25). «>B]le]o].^ DNA^l- ti]:nisH £0^7)- DNA<^1 ^«fl^i£ IgM^l ^1^ ^ 
7>s)^l °}^^ MV^||elo> DNA^I CpG motif7> IM9 ^li^r* **3 

3M?1 igM^ ^^11- ^7M^rf^ t,>^^ sj-ols^ji, o)^ o^e) o^t^o] ^ 
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CpG motif* A"|~g-fr}o3 ^t! ^ ^1:4 ^l*}^. 

3-5 ^ DNA gg-Afl-flofl ^^fe ^Tr-j-efloMI JL^#^ ^ 

PCRS EC1, EC2, HC1 DNA* ^ SeM^ #31^ Jl^i* o]-g-^- 

^^-^el-olTga^rfoi] o}s}a| 3 2p S S*]*}-£t}. £^ ^ fg-£. DNA* ^71 

EC2 DNA* yl/u I^-S.(Promega Inc) ^^^-^ SzJ-ifl°1 5'-^* 32 PS. S*1*H A 
^5. o]-g-sH^. ^^#^^1^ jLd^fr^ <£^-e>7] EC1 DNA* 

5'-^:^: S*| £tt 3'-^ 3E*]*H- 5'-1H& S.*]^ 10 ng EC1 DNA, 

[r- 32 P] ATP 50 uCi, A^A Q^-%r°A =l^]JL 5 units) ^ej-s^^ol^ ?]^) 
(Promega Inc.)* 37°C°1H 1*1 # «>-§-a1^ 3'-^ K*}^ 10 ng 

EC1 DNA, [a- 32 P] CTP 50 uCi , TdT ZLS]ji 5 unit^ EM ^ 31^-*] e ^ 

^eMKBoehringer mannheim)* 37°C<*M 1*1 # ^>-§-a]^ o] 

JfloJM $^1^ ^-seH^ H o v ^^-^ S*]^ 5 ng^ EC1, EC2, HC1 DNA zl 
s|jL >i/u ^sl^Jl 5'-^ S^l^- EC2 DNA* 20 ul^ FBS7> IM9 >*fl3. 

ufl^^ 3TC°\)*\ <^tb ^^-S. ^-g-^m^-. SEtb ^lStifl^^^l 

sr]-^ ^-«fl^^ ^T^JI *h7|-3: «H ^^a]^ TBE 20% 
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r 1 ' ( 

-PAGE^ 20% ^-PAGE (8.3 M -f3M)^ #7)o)^ ^ ^2:^1^1 ^ y$X[ 

DNase 1^] iL^flr^^-S- alJa^l-^l 10% FBS7> RPMI1640 *fl*l 20 ml 

^ello]E5(.^oi EDTA (10 mMH iLifl;^ 0 !! ©HS!- p]*!^ ^-<?ls:}£t}-. 

°H Jl^ssll^ #^(BPB)^ 3.^^} >->o}^(xc)^: o}^} 

^"PAGE^H BPB^ 87fl <^7H1 ^^1§}JL XC^ 287fl ^ ^1 ofl -^sH, ^ 
<3-PAGE<*)Hfe 4^ 12 bp Q 45 bp°l] 

^l£TTfel|oHI JL^#^^1 ^ ^ <a^§>7l ^ 

§H a 2<>fl EC1 sj- EC2 ZLejJi HC1 DNA1- 31 ^-^^M^ 1 o}-g-s}o} 

32 PisL ^ ?]%3, 0 ]&|^ 7]^!:^ FBS7> wfl*lo)H «fl<9=3: 

IM9 ^l^tiljofon o.^ ti>-§-Al?J ^jif £ 264 27 £ 28^1 *1H^ *}sq- ^ 

°1 ^ 107fl <*7}2\ DNA °1 «s]5S-§-8: 1- ^ °1 ^^HH «a 

5^f#5)lo"Mm DNA^ ^7lAi«t* ^-ol^o.^. o]Al§}-^^ ^t}ir # t t ^ 

91 EDTA«>1] ^«fl^i JL^«r^°l £^ ^ ^ &534(^ 26, 27, 28, 29). 

iE^ 10% FBS» RPMI1640 afl*H DNA^ ^7} 1^3 3*1 

^ t ^^^(S. 26, 27, 28, 29). ^ ^Iifli-H <3!:£-Tf #3le>> 
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^(in vitro) ^£.3. ^9l& ^H^. *l^r*l ^TrMM^l 

3|, <3l£Tft^^l5] ^ 7 > A] 7131(5. 30) ^-S-Al^ 24*1 #*>*l X\^X\^ 

^^-ofl£(^ 31) JL^tiTr-S-^1 o^*]) ^^aV#o] 107fl rf 7 ]sl DMS^ 

107l| «§7l DNA S^Hl^ M-^HH ^ SUS*^. 

£^r, £ 32°lHfe PCRS. EC2 DNA Alu 1-°^. ^^l^M ^ 

^ DNA ^Tf^elM^lS. ^-g-^l^l ^ 2|# ^#°1 ^M^l o]#o]) ^ 

^5)^ <a£Tr€-5ll^l <?1 ^3 DNA 3:^lr# 1: ^ &£i=h °1 ^^<Hl 

^ °}-%r^: 7l^^ ios. «>-§-Al^l DNA^l 5'-^^l 32 P5, S*l§r<*l ^SE^l , 
Jl^^-S- ^#^r#°l ^ 107fl <£7lS. ^^sj ^ifl DNA* ^ 

§>7l 5'-^]4iTf€-Sll^l Jl^i*^^ #7flSM ^ ^-°1s>^t4. 

IM9 ^li^ 9B£^f#5llc»Hl7> 3'-^]^tt-€-s11^^ SE^ 5 '-^^tt# 511^^1 
IL^^^r 7}x}^*\ ^91^-7] 5'- SE^ 3'-^oll 2I-2I- 32 P5. S^l € EC2 

DNA* 7)^3, ^^€-511^1^- 37°C<>1H 1*13: ^>-§-^l^I ^ 

w o v ^-^-5- UvM~d f^^M ^-g-^^*^: «liil§r^^. <££-4l DNA 

oflTr ^S^rf #511^1 Jl^#^°1 c^^Tll M-Eful-^^ ^-°l^>7l $1*H DNA* 
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^aI^zl *>-g-^#* 

107B <*7}°) DNA ^^(5'-^ 2)s)^r ^ Jt<^ ^53^}, o] 

s. 32^1 ^cf. ^, ^^^"MH s'-^Tf-MoMI % 

^ 107fl <*7"|£] DNA ^ofl*! ^3*1 

£-g- il<*| ^fe*H, 3'-^^Trl-el]^l 3L^%^^ -^-g-SH 32 PS- 3'- 

lOOXoll^i IO^tJ i#<^ ^ ^-^H £5M- ^ ^£-^3- #^1*1 ^, 

«a £ir# 5fl °> «>-g-A]7li£ 5'- SEfe 3'-^°fl S^I^S. DNA 7l^ofl>| SL^ ii 
«>-§- ^ io?fl <§7"|£] DNA ^ ^^Hl 

^litffl overtoil ^7flS}fe <aS-Tr#3ll^lo) s^%^ofl o}-sl| ^f, *>-§- 

^>#3f ^2£tjH*1 lEi^H^ 0 ! a^^- zl^jl DNase 1^ X|-g-o11 ^ 

*11 tili2*}7l -^£)-c*|, ^o) ^j^j. DNase j (Beohringer 

Mannheim) 5 unit ^ EH ^ "cHMl 32 P^ i*]^ EC1 DNA» 10 mM 
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Tris-HCl, pH 7.6, 10 mM MgCl 2 ^-S^H 37°C<M 1 «>-§-^^4. °1 

^r-§-^^#^r 20% %^-PAGE ^ 20% ^^-PAGE (8.3 M urea)* ^ 

§H SI ^f€-s)loMlS ^-^l«V^t^-. si €-511^] 5:4x€^£r ^3^-^^ 

^ SI Tf^-^l^l ^§-g-^(7X ^-g-^, 0.3 M o}^m^V P H 

4.6, 2.5 M NaCl, 10 mM ZnS0 4 , 50% 3 unit^l SI ^€-^1^1^- 

^1 *^#^r 37 0 C^l^i l^m ^ sKl^rS^. ^ 

<aHTf€-elj6>^l^ jL^^ofl ^# 3). DNase 1^1 

^*fl ^€ tb-§-^^#^r S 34°11 ^j^- ^o] ^s. tifl<£<*]<3 

^l£^f#5|]o>^(5llo] 2)^}- m^f^l <as. J rfl-&ll^l(^<?l 3H1 ^ ^S.Afl^^ 

DNA *>-§-^>#^ «q= 107fl <*7"|£) DNA Z=A °\%.$LOr , DNase 1 3 4) 

ofl ^^H^r 107fl <*7l o]§]-^. «.«fl^ DNA 31 ^fl^M Sii^f 

^-§- <&^%n°\A2\ ^#^r#^I ^ 10711 <*7i°i 

* SI ^#31°}^ ^1 nfl ^ 35°1H^ iii^f# 511^.^0]^ 
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1071] <§7l^ DNA Si^Sr #1t4^ ^H^ 1 }. 

4 

IM9 ^li^7> ^l^-^l fl-^^ ^rfl-Bll^Hl^ ^s)^ Mg 2+ -2]€r^ <as.^f 
#3)M^-i- ^^«r^. a}^^ ^^rf. £tb IM9 ^li^S] o] 

Jl4i7> ^fl «H apoptosis ^j-^ofl ^H^ 1 ^. Apoptosis^l ?H 

SRr ^£-rr€-5floHll:^r Mg 2+ -^€^ ^S-tt ^31 6 H1 [Anzai N. et al (1995) Blood 
86, 917-923; Kawabata H. et al (1993) Biochem. Biophys. Res. Commun. 191, 
247-254; Sun X. M. , and Cohen G. M. (1994) J. Biol. Chew. 269, 14857-14860; 
^ Kawabata, H. et al (1997) Biochem. Biophys. Res. Commun. 233, 133-138], 
Ca 2+ /Mg 2+ --2] <a^Tf€-5lloHl[Stratling W. H. et al (1984) /. Biol. Chem. 
259, 5893-5898; Pandey S. et al (1997) Biochemistry 36, 711-720; ^ Ribeiro 
J. M., and Carson D. A. (1993) Biochemistry 32, 9129-9136], DNase I[Peitsch 
M. C. et al (1993) EMBO J. 12, 371-377], H2]JL NUC18[ Kawabata, H. et al 
(1997) Biochem. Biophys. Res. Commun. 233, 133-138] -f-°l ^M", ^^tt 

l-eflo^o^ ^ ^ ZLS]JL ^S]^o] 7 ]^oll tflSH^ 

&jl &t}. ^M^M DNA# ^-f- ^^1^§>^ 7]^ oil 
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4-1 ^ €^tt#5|]^1 JL^g-^ 

oflSTf^^l^^Ill- ^rti]§>^ IM9 1^3^ 10% FBS1- f-B-S>fe 

RPMI1640 afl^H^ tfl^ afl^'M ^ufl^-i: iil^S. ^H^SSt*}. Afl3£Bfl«g= 
oflsf iM9 Afl^M- ^el§>7l 1,500 x g<>lH 5£-# ^l^tiflo 0 i:6fl 

^§}534. # 10 £^ Afl5.ufl<g=^-i- 4°C°1H 30^r^> 14,000 x gS, %^^\ 

^ DNA ^^34- ^Slfe ^5.5. ^S^tf. 10 mM MgCl 2 » 20 
mM Tris-HCl (pH7.0) ^-g-^Hl 100 ng^l #^^1= DNA# ij- 
20 ul^ 37°C<M 10^1} #-§-*l^. JL^^-g-^ DNA *}E. 

4-2 9jj^iT#g]]o)-^l^ ^ 
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^aafl^sH Ste^s^-ir 7>*H 80% 3E3|-s):e^- & 14,000 x * 

°1H €43 £-3 *M ^^#^r 20 raM <>HlMXV M-m#(pH 5.2) ^-g-^ofl §>^hv 

S €^(0.5 x 5.0 cm, Pharmacia LKBH1 ^Q^SX^-. ^-§-<*HH 0 -0.08 

M NaCl 3*1 ^5L^til)(15 ml)» -§-#§>^Jl, 0.08 M NaCl 

°1 a^-^a €^-8-^ 15 ml-i- Jf-s^l^r}. o]o]x\ o.08 -0.2 M NaCl 

^51^-«fl(20 ml)l- *§>$*H 2*}^ -g-#S}£tf. ^ 1 ml°l 

ul -fHr^r 0.5 ml/min <>1£4. 4^-8: «V^H SfflS-Tf #3|4*I|# £ 

13 ^ so} 4flm2j^o_5. ^^tb ^ 1.5 M (NH 4 ) 2 S0 4 # 50 mM <?]^i-f J= #(pH 

7.0) ^-g-^o.^ °1 Jl4i€-& -£«a^r ^-g-<*>i^L 

RESOURCE PHE ^(0.64 x 30 mm, 1 ml , Pharmacia LKBHl *]-<>} :£:*r>3 #3:^ 
-8- iEL^K^ZLsfl^* ^ejsl-^r}. -§^tr €-^-8-^ 15 ml^ ^<>| ^ ^, 1.5-0 M 
(NH 4 ) 2 S0 4 ^ tifl #(25 ml) ^r^^^r -§-#*r£4. °1 54 ^ 

£S?-i- |E2]20 S ^ 20 mM Tris-HCl (pH 7.0) ^-g- d| 5. ^ 

80%^ 3 3*1 3 ^]» ^s}-£4. S €^ ^4 
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a]^^ iiS^f 0.08-0.2 M NaCl ^ ^E^HH 3 ^3 8 4(2- 36). 

RESOURCE PHE ^^W^. 1.5-0 M (NH 4 ) 2 S0 4 ^ ^^fl^ ^^-i: -g-# 

e}$i-a-nJl ^i^tifl^ 0.7 M (NH 4 ) 2 S0 4 ^E^lHl ^-§HH "Si 

^#511 o>^] J^^-g- ^ 9X9i^(S- 37). ^ 10 S^fe 10 

5^5] IM9 ^S-^r aflo^cjjofl^ ^5E^#5ll<>Ml« ^ij- °J= 10 ug ol 

4-3 ^^71^- ^Hfl PAGE ^ SDS-PAGE^I ^ ^7>^ 

-S-^-g- 4-15% ^ o>a.^o>p]= ^Hfl ^ofl 4 o Coll 

4 -5 mAS. 18 ^71^-g-g: ^S r $i4. Jjt ^ 

f- R-250-^-S. <§ ^ §V°3 ^-«-n^ixi# s3-°l ^-afl^ 1)011 §fl^§>^ ^-^1- °m 
S}7l ^ofl ^ef^H aj-o. £Z [o^ n>s. ^ 20 mM Tris-HCl (pH7.0) 3H§-g-°-JHH 
4°C^1^ 8^R> -8-^*r&4. -8-#€ ^£Tr#sfl^>^l Sld^^l 

Xl^r ^» ^M-^ DNA* 7l^S. ^-o]§>^4. Jl^#^ o] oi 

stacking gel£r 4%^ZL running gel^r 7%^4- 7^ ^-ufl PAGE^ 

ifl s)€ (ferritin) (440 kD), ^1(232 kD) , 31§r o l^->lli-Ml(140 
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kD) HZ\3L ^^^0^^(67 m ^ ^^-^-g: a>-§-S>^jl, SDS-PAGE^) ^ 

n}o]i2.Al (myosin) (200 kD) , £-^£^1^1(116.3 kD), S^i^^l B 
(97.4 kD), ^^^^^(66.2 kD) =lz\5L \*<g*f-™±(45 kD)3 ^>-8-§>^ 

5L± S ol^ rl-Bfl^ 4-15% %l 

40). 3L4i*^ol q-Ef\f ^J)^ n}fe ^^}7ll ^^"H ^ 

^JUS}^ 140 kD ^Hl ^tJ- 5t]^ &,g»£ ^ 9X91 A. Jl£ 

3M3°1 M-^- 1 ^ -g-#*Kil SDS-PAGE-& 41) 

3.sLv}5LZL 2fl 3x) 61] «a£^#s|l^l(£- 38)^- ^r*Ml 

3*fl^ ^^^^1- SHi*l-Sau!, ^r^o] 7 2.4 kD^-8: SH]*Hat}(:£. 39). 
71^- ^ ^71^^-^} l!-^ SDS-PAGE^ til52sr}£-g: nfl ofl^^ff^^^l-^l 

4-4 ^*fl^ Jld^ ^ 3- 31 

<a^#sllo>^ Jl^i%^o] 4a1# ^o> U937 AflS^MM ^ 

& ^-i- 71 A>-g-*l-^cl-. 20 mM Tris-HCl (pH 7.0) ^-g-^l 
*H 1 mM Ca 2+ , 1 mM Mg 2+ , 1 mM Zn 2+ EDTA* ^7>«fl SLrMHg- ^-°l^^r 37°C 
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^%isY ;gjzj- Mg 2+ €^1]*H1 JL^M 0 1 M-^^- ^-olSl-^Jl, apoptosis^) ^«fl#^ 
91 Zn 2+ £f ^5flo]E^]ol EDTA d] ojsfl^ jl^#^o] ^^rl ^£]^-g-^ ^ ^ 
42). ^71^: Ji4i#^ QJ*!^ ^ol 

^ ^Tr^M^lfe ^3 DNA# ^^Ml ^rtfl*H AflS 

7} DNA-i- -fr^fe 7]^^- 7>x]ji o^o.^ ^ofl DNA^ ^15. 

<a^#S)lo}^o11 £>]sj) S^KH ^0^-51 <2]3f DNA^l CpG motifofl 
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^^iS^^f&l ^rti]s|ji ^*fls|o> DNA1- #2)5. <^§}J1 =5>fl^ 

*H ^^^-S-^l CpG mot if # £^ ^ 10 bp^l <££-£)) #e]JlTr€-5ll^B]- 

2] 

XlllMI ^^^117} B ^=^> IM9 ^15L^ 12-0- 31 

tfl?}t^iat 13-°WN°1:E. U937 ^it^^l <d):£-Tf #314X1 . 

[^^9- 3] 

Xll% £^ 2"M , SDS-PAGE^l ^ ^V^l 72.4 kD^l ^£^€-511 

Xll^ £fe 2%^1 9X°]*\, JL^%^°] Mg 2+ s}€^3<?1 ^^Tf^Bll^Xl. 
[3T«8- 5] 

XI 1% £fe 2%«fl 9X°]*\, ^r-S-^ ^3 pH7> 6.6 7.6^1 «?3:E.Tf#Bj)o} 

68 



c ,{ c 

allllh £^ 2^1 &<>M, DNase I^-fe %<S-PAGE<^H Jl^*^ °l^§- j\ 
7] 

a>^-o) b-^^o} IM9 *\}^ £^ TPAS. ^e}^ ^r*§^ U937 «3 

Q^SojM ^s)o^ ^-al^ <a^Tr#5ll^Hl» Mtg-g: i^Kz, CpG mot if -1- # 
^ ^ 10 bp^l <£¥r$\ ^JL^WtySL^o}^ s$ ^ <a^#5fl^lo) ^w 0 > 

^11-^51 <as.-Tf#iSIK*fl3. «>EflBlo> DNA1- CpG mot if # £ 

^ 10 bp^ ^£-41 #^ji^f#5ll^^o]2=^ 3L^-S>^ ^^^.S^fl. 
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[5- 21] 
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IS. 22] 
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